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GEOLOCY GF FOMER SITES ON YaR UPPER TRIDUTARIES OF T8¢
CULIRIIA EIVAR IR IDAHG ARD MGNTANA

PART 4a mmwmmmnm
SEIVELD ETLES 36 AND 72, FLATHEAD AIVER
BELOW FLATHEAD KAKZ, LAZE ARD SANOERS
COWITIES, BONTARA

By Kenneth 8, Scvard

2ix potential power aites cecur on ths lawer Flathead Fiver
between river rile 36.0 and the Zerr Dan, which is at nile 72.0,
The head availoble betwsen these points 1s 175 foet.

The naah of the river that contains the power siles is located
along the westearn adre of the Fisalen 7alley, oo of the ocmnectsd
interscutane vallays or compartzents of the Rocky ¥ountaln Trench
in ¥ortana. The recks involved in the sbutzents and foundations of
the daz sites includs hard, fine-gralned, grey to light-zray qurisite
and sxdy arzilliite md gresnisd~gray argillite of the Frecasbrian
Ravallf groupj weathersd talus breccia, canglicerates, sandstocs,
siltetons, & reldish-brown, gritty clay or microbreceia, st
volcanic tuff of suppoest Tertiary(?) age; 1111, glacial lake-bed
atlts, and glacial oulwist gravel and sand of the Flaistocens epoch;
and Zecent allurium,




lnfhhludhle.;. This #ite im Detusan iles 7.9 ad
63,4 in the NE} esce 21 and M} sec. 22, T 22 X, R, 23 W Four
poseible mcss wers stuiieds The coe dosignsted as lne & is cone
#sldared t0 Do the best, a8 very good guartalte and sandy argillite
are 1n the foundatlion and sbutzents, with no faxlts or othar knowm
strmtural defocts, Thie axis is suiteble for & concrete dote
The Fontana Fower Cos has partially exploret line 1 with 13 ecrs
holss, but this axie sssus infeasibls even for an ssrih-111 dan
wiless &2 expensive core wall i canstructed in the pervicns Nurial
saterial in the Xaft (southemst) sbituonte Lins 2 18 infessidle for
the saoe redsetis Line 3 tas quartsite in the edut-ents ard foundation,
mmm@umnmwmﬁamnmnmmm
foundations Amma&rm@mmdmlmuw'otmu
&zo3 by aicavation of the strean sharnel betwesn the powerhcuse altes
ard the downstreaz end of the cargon, (520 pl. 14)

Buffalo dan slte Koe 2 {8 a8 mile 60,7 in the B}SEL sec. 1,
Te 21 No, Bs 22 Wo Thers are vary good tals of sandy argillite and
quartsite present in the right (west) sbutsent and bensath a part
of thm river channel. Ths rextinder of the channel is undselato by
interbeddad gritty clay o micrcdreccis, siltstons, swnd, saristone,
conlamareta, snd mlightly remorked talus broocis of Tertiary(?) aze.
The left (east) abutosct is formed by glscial lake-bed slits wnder-
1aias by ti)l and poastibly by pervious rewcrked glacial material.




A gall lendallde 19 in the left abotuente The Xontens Fower Coe
bas wgplared the site with 33 core &-11Y holes, but additiocns}
sxplarstion of the left sbutzent hy tast pits and tranches is
pecsosaty decause of poor sors recorery thare, The posaibdility of
gravel lenses in or below the glaclal labe bad silte, and the easily
orvdible sills thezselves, rake it appesr thal the loft sbutnant zay
eoet only mintemus royudirecents for & safe aites, A cangrate spillway
ard other eppurtenant works conld be placed on the right sbutamt
but the lefl shutment would be foasible only for an earid-fill dam,
Birety fest of hoad can be dersloped, (Ses ple 2.)

Slcan Bridgs power aite, The dax site 1s ab river nile 44.7
in the S8}l and EZiSW} sece 12, T, 20 B, Re 21 ¥, Thn right (ecwuth)
strant §s guartsite, but the foundatlon and left (north) abatnamt
are paosive ti1l. Throe thin, contlimucus layars of clean to very
dirty gravel ocour in the till. 1he one at slevation 2,578 feet
sverages Ao 14 inches in thicioess and 1s e nmost pervicus.
Treatoent by blanheting the outcrop wp- and dcwnstreas: fron the dac
showld reduce parcolation lcossos end vsloaity of Lhe walsr noving
through tils bod to safo valuss, The site is 2 very good ome fur
an sarth dam.

Tids power olite wild allow four possihle schaces fop Lhe
dovoloiant of the rivers A powarbouss st the dez gould develop
145 feed of head, By construction of & J-cdle diversion twmel amd
presgure candult from the are of the reascrvolir in the Little Bitter-
2ok Yalley to & powszhouse st =ile 39.0, & hesd of approcirately

w




157 faut is avallsdle, Pomndhly tids comld be incresssd wp to &
Raxlaon of 191 fest by eavation of the river chaonel dowstrom
fran the powsrhouse. !:Wafa?—mﬁhdimﬂmtml
and epment conduit fron the Littls Bitterroct Yollay to & pover-
bouse at zile 13.0, & head of 225 foel is pooaibls for tha power
sits, The geclogle foasibility of this turnel poute was not ine
vestigated, but & sudy wndd bs wartinddle.

D0 diversion poutes ave possible to the powerbouse st
£518 39. Tat srefereble geclogically has & tofal length of about
5,560 Test and would lovolve about 2,800 fest of presswe tunnel,
mzmowﬁmemtmmmm,mm
350 fast of panstocks The eltarnative 19 330 fest shorter iat has
& longer prespure tumel section of ebowd 3,720 feut, sdoxt 1,100
Sost of reanae ocondiudt, and 350 fout of pmnotock, The poamshouae
site 19 oo roox of falr gualitye (Seoe pl. 3.)

Cdiow dan wites Locadion L st mlle A1.3 ia the % sece 22,
Te 23 %,, Re 21 ¥o Quartsite ard mady srgillite of good guality
&re in the laft (scuthoast) abutzent. The river chamnel has besn
sb partly in gravel and sand that £11 an old msltwster chasnel
and in & thick, rassive layee of $111. In the fowsdation the tal}
ie £5 to 100 Peat thick, sexl bensath the right (west) sbutoent 1t
is sbout 150 foot thicke Glscial lake-bed silis and very fine-
greined sund underlis the 111, and carcy artexls: water. Dot



115 ferd of parvicus sud and gravel overlies the 4111 ard forms &
portion of the right (northweel) sbutoenbe THe feanibility of the alte
deponis wpon 1ylog 2 right sbutnet to LLI1 sxposure north of the aite
and in determining the offect of the arlesian watw on Lhe fomndation,
Nacinus bead avalladle at the sits 18 157 fwite (209 Pl As)

File 42.9 power sits. Location is in the SEE sece 17, Te 20 ¥,y
2, 21 Wo 2111 is &n the left (csst) sutrat, in the fomdstion below
the active allurlum, and possibly to 2,470 on the right (weat) abuinent,
with very fine-grained sand amd glacial lzke-bod sills mbove thise The
&ts is fansible for an eurth dam, and 150 fost of head could bo dovelsped.
Datallsd inrestization las not beey made; mad the locality 1s mantioned
hors cnly a3 & poosidls alterrative to Cobow den sita. '

Tas site Ho. be This site s at mile 36.4 near the center of sac. 1,
Te 19 Uy BRe 2 ¥, Vemy good argillite of the Ravalll growp 48 in the
rigit (west) abutuect and part of $he foundaticn. Tertiary(?) talus
breccis overlles the Bavalll in the fommdatlion and is at dagih on tle
1aft (sast) aduwzent, IV &3 in tumm overlals by frterbadiel glacial
lako-ded ¢ilts, $111, and aand Lo 30 t0 23 foot below Uw river swlsce
at 2,530, Corw recovary sdove approxinats sltitude 2,510 fost in soven
4rill hales on the left mbhmizont wms oo poor to determine dafinitely
the character of the wmaterial, bt the shutcend appears to be cooposed
of apen, pervicus sand and grevel and some Leds of silt. Additiomal
exploration e required, bt wnlass water can be provented fro: enter-
ing or moving through Lthe perzeshle grevels, the aite is not feasille.
(Ses pl. 5.)
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Tuts report describes geologle conditions ab aix potentisl
pover sites on the Platkead River from mile 72,0 o 38.0 in the
Flathend Indian Raservaticn, laks ard Sanders Courtiss, Hontens.
The sites were cxanined to dstercins tieir lixiting geologieal
featares and to owtline the naxt rlops nocessary for on orderly snd
ecsplate dnvestigation, |

The fovestizaticng on which this repcrt is basad ars a part of
mmm'mdemmmmmmma
stromss allacting poblic lands in crder to clasgify and resarve by
withdrawal froo stey lasds polentially valuable for watan-power
developrers, as well as apprelss the water-power vilme of lamds that
bave been previously withirawm t0 deterzins 1f retantion in & withe
drasx) is Justifted in light of cwrrently srallsble inforvations
Goclogis ipvest{zations are considered an inrtecral part of an evalu~
ation of wster-powsr reacurces as the ralation between the goologis
foaxibility of dax sitas, resarvolr sites, tunnal routss, and power-
houde aites, and wstar-power potential is diriocuse
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in tuvestigaticn of the potential power &d reswvolr sites
e the lowsr Flathead Klver from Flathosd Lake to the confluence
of the streax with $he Clark Pork River was mais by E, &0 lallue
(1913)s Frevious o this, the U, 8, Reclowution Sosvice, the
Indien Sexrvice, and & fev private individusls had Livestizated
the possitilities of producing pover in the reach of Lhs river
froo the lake outlet o the vicinity of ths present Zerr Dar.

Fron 1935 te 1945, the Ue 3+ Dsological Survey sapped the

Flathead River frox ibs confluerce with the Clark Fork of Colwdia

Biver %0 the Xarr powerhouss ot mile 72.0. Aboot 1.5 niles of
the Clark Forlt dowmstresn froa thw emfluencs ws mapped, alsc,

A stardard rivereswvoy xap of the lower Flathead Hiver was
publishad (Bs 8. Ceologlcel Survey, 1947) on a scale of 2 inshes to
the sile (1:131,620), wdth & contowr irderval of 20 feet cn the land
i 5 faed on the Tiver surface. four prospective dz: eitss wore
zapped at seales af 114,800 $o 1312,000, with & eontouwr intervel of
10 foeh on the land and 1 foot oo the river gurfacs. Diree of thems

Suffalo dan sites Hos. 1 and 2, und Das site Eo. 4, bhai besn selected

proviously by E. Co Lokue, Howsver, Duffalo daz aite Fo. ) of the

river-purry TAp criginally wos called Dan slte Noe 2 by lafius.
e Ecctens Fower Cos now refers {0 this sits as the Buffslo Eapids




daz sites Buffale dmn sits Moo 2 of the preswt report wes called
Dan site Mo, 3 by leRue. Dan eits Mo, & alss was named by Ma md
#ti1l retains that name. (xbow dan site was selectel and named by
Arthur Jolnson fya: & stuly of the rive-survey mape The ¥ile 42.9
doa site s noted by hin, bul was not zapred bacause of betler
topugrepiils canditions at Cabow da: smites

In 1541, the Coarpa of Engliresrs, Portland, Cregen Ristrict,
esplored the foundatlons of Buffalo dan sites os. 1 and 2, Cdow
dan eits, and Dus site oo & Yy seisndc nethols, In 1945, tie
Seattls, Washington office of tha Corps of Engineers drilled four
clarn drill koles st tho CGdow daz sites The locations of Lhe
sedamio lives are shawn om plates 1, 2, &4, axd 5, and the selsmuls
data mhects and lags of the drill holas ars inclwded in the Appendix.

Tus geologle structure and history of the Bocky fomtains in
the vicinity of ths ¥isaion Yalley has not bsen investigated in
4otall, bul the geclogy of tiw area is coverad hy the Gaalogle Fap
of Yortana (1955)s A repart by Clagp (1932) contains a raccrmale-
sanee peologic map of marthusstarn Fatara with & stroctuwal ercss
section throuch $he goutlern yart of the nission Vallay, Fardes
{1950, po 350-406) bas outlinad the Tartiary history of northwesters
Nortans, aul the Elsistocens hlstory has bhoen discussed by Fardes
{1510, 1942, 1950), Cazpbell (1915), Davis (1920), Bable (1952), and




Alden (1953)s The paper by Ncbls 1s the nast eogebensive snd
dotalled stuly of the glscial history and deposits of the Mission
Yallay, relatsd glacial feslures of the Klasion Rangw, and histery
of glacial Lake Fissouls.

Erseent Investispticong

The {iret stage of {ield investigaticn wxtended from Sejtecler 9
to Bovader 1, 1953« During thls pericd the day sites designateld
as Buffalo dsz aites Roa. ) and 2, (obow, and Da= site Hoe 4 were
exarined. ﬁaw.mfmh gwlogic featwres ware poted &t all but
the first. Farticular attection was given to the (ubow mite, as
wuwmwmmnumwm%umwmx.
hoad in the reach of the river under considaration, xile 36.0 to
72.0. 1n vigw of the uwnfavorable gealogic conditices noted st this
site, an office stuldy was sade for possible alternativws. £a allerne~
tive site tiul apjeared farorsdle toposraphically was found at nile 44.7,
Just upatreax from Sloan Sridge, and was therefore designated as the
Sloan Bridge power sites Fiald recommalssance in ¥ay 1954 indicated
that the dan site and relatsd features were gaclogically feasidle.
Wﬁmﬁwnﬁct&ammw”po{tMW
invelvei. This cap was proparad and {ssued as s supplocontsl ehoet te
Flan and Frofile of Flathesd River, Mouth to Flatheal lake. Advance

Flan, Flathead River, mma&ma«.
1512, ;mmmm.

10




- coples betare avallsble on Eovecher 1, 1954, &nd the area was sapped
geologically during the pariod Zovesder 3 to 20, 1954.

Tue Hontans Power Co., in carpliance uith prelininary p;mits
fmtm&d&ux?wcmmm,mmﬂedm%ammotcm
érimng at throe of the sites cvusidered in this report, Thirteen
holea wers drilled along tentative axis 4-At at 2uffalo dan eite
Bo, 1, 3¢ holes ab Buffalo das site Fo. 2, and 7 holes at Dax sits
5ce he The locations of these holes are shown ic the plates redating
ta the rospective mites. The drill cores weres cale avallable for
exaniration by the GCeclozical Survey by courtesy of the lontens Fower
Co. The logs of the drill cores ars included in the Apperdixe

¥any thanks are due thoss who participated iz the work lesding
to preparation of this repcrt. The work was carrisd on udar tie
euparvision of C. E. Exdmann, regicral geclogist, of the Cealogical
Survey, Great Falls, Yont, ils owtline of the geclozical problecs
and eriticsl roviews of the findings, propcsals, and report are
reflected throughoate Arthur Jolmam:, Chlef, Water axd Power Brsnch,
Ue S. Geclozical Surveay, supervised the sapping of the streas and dac
sitss from 1736 to 1945, and procursd the Sloan Bridge dan sits xap.
Bs and Fo A. Jodraon, regiovsl hydraulic englresr, Tacora, Mash., have

11




effared suocurageoent and advice on certaln yhases of the Hroposed
dovolopuant schezese Fise R. 4. ¥, Bodeddt essisted briefly with
the papping on Buffulo dm mite ¥o. 2, sl We Lo Rohrer assisted

with the reconnatssance of the Sloan Bridge power site.

The Carps of Mnzinears, Sestile, Wash., swpplied the resslts
of its eelaic iovestigations ab Buffalo dan wites Bos. 1 ard 2,
Gxhow dan sits, and Dan site 5d. 4, as well as lozs of the chum
drill holes st Cabtw daa site,

The Eontans Fower Co. furnished the drill cores from its acplore~
tery work at Buffalo dan sites Fos, 1 snd 2, and Dex edte Fo. A
He He Cochrune, consulting engicaer, and G. M. Jooes, canstruction
esginesr, Yniana Fowr Co., sapplenantoed these basis geclogie data
with eollateral discussicns of river developant, and also visitsd
the Sicsn Sridge powar mits with the writer.

GEGEAFHY

Sortisestere Hortana is {n the Scrthern Rocky hountaln physice
graghic provincs. Ths mourtain ranges wary in trend from a few dozreos
weat of nordh to alrost west; ard 802w of Lhe northwest ranges are sspoa-
rated by leng, oarrow, interwontans valleys. Becauss of thelr genarsl
regularity and castirity, steep perallel walls, and sors or less flat,
opan bottcms, Daly (1912, p. 26) called such vallays “Lrenches,™ and

12




nazed the mest proinect sod persistont the Nocky Eowntain Trenche
Tuis feature can be recognisad in British Colutia as a continwous
mmmaamarmmm,mumumm
miles southeast into MHontana whers it appoars to breaden, stallow,
and lope its idactity in the vicieity of Dixon arnd Ste Ignatlius.
Although the mechanics of i38 origln are wknom, &y linessent &
thousand miles or mure in length obvicusly must be of tactenic origing
&, for British Coalu-dls, Horth and Nenderson {1954, pe £2) bave ree
rarkbed, Whe Trensh appears to forn the pyalozraphlo and siructural
bowxiary bobwssn the fcehy hontains cn the esst and the en echolan
rarzes of the me Cordilleran gretecs on the wiat.® Quite likxely
tiis relationahip slso partains southvard in Fentars. The flour of
tie Trench does pot have & continuous gralisct, end low elreas divides
sesarsle 14 into & musber of basins or caparizentse Those in liontana
are, frcz north to scubh: Tobaceo Flalrns, Flathead Yalley, and #lasion
Yallay.

Hesion Vallay is apiraxizately 30 rdles long and extends south
fraax the o of Folser on Fiatheed lake to the Haticnsl Alson Range
o the scuthe ¥idth varies evenly from 14 to 16 niles betwean ths

13




. igh wnd Suposing Miselen Bargs eecerymmct cu the sast and. the low
ronge to the woal known &s the Solish Ecuotaine. (Sue fize 1o

oy

3/ Toe low mountain renge along the wssh slie of the
Yotain Tranch has been know for A8 tho Flathend Xouz
(Caly, 1906), Inview of tho ¢ of this name with the el
mmmyws Flathead Eanga sash of the South Pak
Fisthead Biver (Y. 5. ) Swpvay, Hyack quelranglel,
{192 p.mwmmmwmmm&m
22alish" Bange, the Indian naw of the Flathead tride,
mmmmm»imm In the maantime, Exdcamy
(1941, p» 7 foctnets 22) nobed that *Sellph® s apparemtly & xise
' of &alishy axd the nave Salish Moundaing was used subssquente
1y in e of his reports (1947, o 141)s This usage will be continusd

n%m.

Al1 of this area Jles within the Flatueal Indisn Reservatice, wioss
Agency 1s near Dixonj ard an abuniance of wter for Lrrigstian, good
pail, and =f14 clinate zaks S coe of the richest farsing comamitiss
ia the state. |

Frox posr Foleoge £ 4he shore of Flathesad Lake waat of Folain,
the flst floor of the valley {e diversified by a series of Low rook
and povatral hills that stand cme-quarbar to ano-half Its widlh oud
fraw the west side, In Tpe. 19 and 20 8., . 21 V., the southern
groep of thaas Kills ssparetss & amall covpardeent known s Folese
Talley frem the eestern pard of Mission Vallays and the hills in
Te 21 Moy Re 2L W, 0o To 22 F, Ry 20 ¥, zack off the Valley View
district ix & =inilar canner. Thers soms to Lo no renson o dodd
that the preglacial Xission Valley lay to the esst of Aids ridge and




tontained the ansesiral Flathead Eiver s 8 south-flowing stresse
Thesa aids valleye ad Eission Valley heve besa intagrated topogrsphi-
oally by glsetal £411 whose distribution snd carposition will be
oaptiossd 1n tho section cn (laxial Osclogys

Tarminology and location

Tho Flatheod Elver, tne of the wpor tridutaries of Lhe Coludis
River, has 1t headutlare in the mourtaineus area in vestern Fonlane
betwsen the Continautal Divide snd the Nocky dourtaln Trenche (nly a
fex aall streacs ater the river from the oountzy wost of the Trenchs
Fros Colwbis Falle t¢ Dixon for a distance of adowk 95 siles, the
river flows oowth ia the Tremch. The riddle third of this seolicn i
ceoupdad by Flathead lake, ans of tas larcast bodlies of fresh wvater
in the westorn United States. Upsicvan from the lake the river ls
relorved te a8 the wpter Flathond River, and the section downatrecs
fras the lake e referzed to as the lowmr Flathasd Ziver.

Lowse Flathead Sdvar discharpes fron the scuthwest corner of the
lake, Troz thes cautlet the stresu flous about 12 riles west sculbwet
aszd thea twns and flows along the west sides of the Valley View
district and Eciese Vallay. Tixoe sreas, thls reach of river, &t
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the dan sitas along At ace the ondy eleciuts of Maenion Valley of
imzadiate ccncern to thts reports Lower Flsthead Eiver lexves the
Folese Valley sectice of Kissicn Vslley st Dixcm and flows west for
aosok 25 niles $o 1ts conflumoe with tha Clark Fork of the Colwdbia
Rlvar 2.5 uiles eusb of Farsiisde

Srean pradied

Before ewotroction of Zar Do, which wes placed in opmration

C Apetd 11, 1933, the averags wnrepalated level of Flallnad Lake stood
&t acud altitade 2,580 feote The lake lwel ws ralniainad ky 8
saries of roslstant bedrack lsdges ateniing southeast fros the Salish
Fountaline, soroes which the outlet slress hto bess swerinpcssd for &
distence of shoat 12 nilss, Tha river drops abowt 240 fest in crossing
this barrier, Wiich tersinates al nils 67.55) and its profile thrvugh-
ot 13 panerally oconvex, with ocoasional lceal gradients as high aa
35 fest per miles Rather than & charssteristis of physicgraphis youth,
honever, swe of this cawexity say bs dus 2o exlasation of the southe
west slops of the barded routats ridpe, Thls g the sbrelch of good
sites Lo rdsonry duss, with rock in straam bed and odryon walls,
Zarr Dan 1os bemm budlt in e middls part a2t nile 72.05, Wih maxtum
pool level at Qltituds 2,697, & 5-edla stretch of the wper rapids is
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dromed ook, and Flathead Lats is wiltasd as & reservoir. Puffalo
dan ite Ko 1 18 Jocaled &t nile (84h Just vpotrosa from the lowsr
od of e rock barriers 128 gresoge predient from the lost rosk
wpotes at the dosstresa ed of the govge to tallwmatar at Kerr
Dax s sbout 1.5 foct per mils, with occastoral short plopea of

17 to 20 foat par nilej which matnn, of course, t1ob elomage capecity
in Lthe canyon sactlon is veary lindted.

The recalzdar of lowr Flathomd Biver frox ite conflusnes with
the Clark Fork Kiver to the nouth of the porge soction ab mile 67.55
axkibits & noyeal, bub very flat, lppudelle profils, It 1s divided
rsturally into the upelrea: sectlion Lelwoen mile 67.55 and tha moadth
of Jocko River at nile 5.4, and 2 downstreas ssction fiox the Jooke
o the tamperary base leval of the Clark Fork at nils Co The uwstrsss
sectiecn of A2.1 milas has an aversge grationt of Sout 3.2 fest par
zile, with ouly sa ocessional vary ehwort lancth da excess of 5 feet
par pilo. Five of Ahs & dex sites described in thla wpart ccour in
thiz streteh, &d the riverts rogicm over the 80}, poorly conscli-
dated Tertiscy and Flstatovens vallsy Fi11 has bad wueh & marked offect
wpou the sharacteristica of the sites that, where they ary sultatle st
sll, wide-base da-a are requljed. Also, the low basks end the Jow
grodient requires fairly irvolved plana bo develop maxirus power
drops and storage capacitles,




e Bbeaile terningd course of the river spparently ccouples
an exteanicn of the well-graded consequant vallary of Jocko River,
bt the naoe Jower Flathead provails because that strsam hos the
greater discharges The graiiet of tils etrelch 19 inly about 1.5
focd por rile. B9 dax sltss have been deosignated along 1t a3 yet,
and po geologie axsdnation bag been zade.

Bock formsticns ab the dan sites are 84 Ravalll powp of the
Frecashrian; Tertiary(:) talus breccla ani labe-bad deposils;
Flelstosens glacial depoaitey and Bocmt allwriw,

foscardrion

The Bavalll grosp s A anotonous aseecdlage of argillifte,
guartzits,; &d silicecns shals, whose total thicinase is estizated
%6 be about 9,000 ar 10,00 feot in the ares coversd by this report.
Bowdaries of the grouwp wers mob cbssrved, sod the wulsrlylns fore
ration is wioame Ths top, howerer, 19 dafined by the Siyeh or the
¥allace forsstion, o0 the group ceoprises a large elswent of the lowse
part of thy Belt sories.

Various workers in the Durthern focky Fowstalns have divided the
davalll growp imdo two or tires forzations, nons of shich ars persistecd
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regiconllys As a rsiter of fact, the forvations were defimed firsk
and the group nees was glven later because of the difficully with
siich the units could be recogniseds Clagp (1932), follewing the
Ponger works of Balley Willls, recognised & three~fuld division into
the Crinnell, ippoluzey, and Altyn formations, in degcending order,
in Clacice Hationad Park, the Altyn not being presast west of the
Coctinetal Divides Erkwne (1947, pe 130) found interfingering of
the gray-groen Appekumy with dull perplicd-red rocks lie the Crinnell
in 3ad Bock Caryon, whore the Flathesd River crosses the north aod of
the Swan Nange. Hast end south of God Zook Canyon, Erdmamn incluiss
the bads of the two argillits fomations under the generel tarm Revalll
ErovDs mw,mw,mmmia;wezwﬁ%ﬂ
axtends the Appduny and Crinnell forratlions southward thuoughout the
w@aormmm‘mm In the Cosur d¥Alane district
of Idaho, Caliins {1309) recognised the Burke, Reveit, and 5. Regls
formutions in asceniing crdars The Dwrke consists of grayish silicecus
shiales and sericitie quartsites; the Fovett is a hard, wiitte quartaite;
and the 3t, Bazle conalsts of purple anxd green silicecus shale and
gaartaitic sandstons, Fopdh and sast of the Cosur dYAlenos the Sevelt
unaaastwmagmmn,mmmma.mrmmm
camnot be differentisted ewarply. None of these foreations or their
sivalants wors recguised in the area mapped for ihis report.




Heoce, he stretigrapiio position within the group of the rocks eb
the daa sites 1s wincwns ‘
Rocks of the Bavalld group arep oub ab Cive of the six sites
stutied snd in the ridge belusen the Little Bitterroct River and the
powsrlouss site ot river nils 32,0, Bpotores cccur also in the Salisy
Zomtaing ¢o the werd of Hlacian Valley and in the low range of rorthe
treniing hilla that stand sbont ono-thint of the adith of ths valley
oub fran the uestarn aldoe The rock et the s eites camslsts in
geoaral of Lhard, flsg-grainsd cray to Uighl-moy quartsits, with sxe
gresuish-arey s1licecns arglllite and arpillite, in bala or lzrara
458t range in thlckness from a fraction of an irch to 4 faste Exotpt
wiave it 13 &a'zttabx Tertiary(t) rocke it is strong, insclible,
fregh to aly slightly weathersl, &0d very goad for the foundation
of & da= or any of the appartenant struclures. benoath the Tertiary(1)
£111, howover, the arciat surfocs of the Rzvalll growp is soft, friable,
ani porcus, Mith calors verying frm Mgt gray theough presnish gray
to tane The wpsr 3 to 30 fest Se intensely weatlared, the affect
dirinisbing to noderate o glight in the swcasding 20 to 4O feet
of desth, If structures wore to be buflt in those localitles, the
miehly woathered Pock would have to bs rencreds
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Textianr(l)

Mamm,amw.wm,mm
Kiocune age have bean recognised fram fonsil cadents in some of the
Interzentane basins drained by the upper Flathead Rivere, The lithelo-
& of the so-callad lake beds that crop out along lowepr Flathead River
dons not correspond, &nd their stratizraphic assigsuwent has besn ipe
forTod froz thelr cosponition and relationships to the underlylng
Procachrian terranss On this beals rocks of supposed Tertlary sge
ocour ab thres of the dan sites exaxined for this report, and they ney
also be irwclved in the portal oreas of the Lunnel lines of the Slcan
Bridge powmr aite. Exposurss are palely and thin and cocur over &
vartical range ef adout 175 fest, but this interval should pot be
construsd as an indleation of overall thickoess, The small, scattered
outerops indicate only ihe prohable genarsl sequencs and cannot be
ecrbined into & oconposite section.

A gererelized sacticn conelats of & complex basal wnit that
m1mvmmuammmmmummm
exclusively from the locally weathsrad Ssvalll group, and other near-
source detritus in varicus stages of disintegration or reworking, from
fanglozerate to finer-grained, inpure sardstans or wacke-iype rocks
that are poorly sorted and contain conalderadle cloy matrix. Thense
facies prads into more regularly badded sandstones and siltstanes,
and are prodadly corersd by & waterlain gritty, reddisd-browm clay or
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nicrebreccia that gredes into volcanic tuff ab the top. Bo bed of
olay or elaystone fres of grit das been chssrved, and it doss nok
mmmmmmm:mcwuunmmmw
of the argillites The ctcwrrance of clay with beatonitic charactere
istics in Lthe walerlain residual or nsar sicre facles suggests sporadiec
irtroducticon of tuffacsous catorial inte the Tortlary lakes culminating
lecally in dspoaitien of thae tulf. Any of Lhese facies may overlap
directly on to the Davalll group or the overlying brecota. In this
arransecent so-called lake bels indicate depoaition along tha uaat
rargin of a basin wndiergoing fill; and preswably the firer gralned
clastic wnits wuld grestly incrasss in thickness baslmwarde

The wsterlala taff is exjossd an tie right bank at Buffalo dsx
site Ho, 1 Just dowstireaz froc the gorge sestlion, and also pear river
level intermittently through its resarvoir area. All facice except
the tuff odocur at Buffalo dm site loe 2. Keathored talus breccia
alsc crops ot sparingly in the lower part of the vallay of the Little
Bitterrost fiver, and ry be concsaled in the right bank of lower
Flathead kiver Ly terrace deposits opposite nils 39, but the largest
and cost typical exposure is in tis lowsr right abutient of Dax pite
Hoe. 4+ Thus procesling downsireas through the dan sites cne descends
through the Tertiary(?) sectien. Detalled accounts of the lithology
and enginsering properties of these rocks are given In the individual
daz site descriptions.




Sataony
¥ledstoosns

Tires terinal noratnes coowr in Misslon Valleys the St Ignatine,
Elsgion, and Polson, and nark sucoessive Lrwasions by lcbes of the
saning Cordi1lsran ice sheete JNcble (1952) correlates thea with the
eerly (Iomn), riddle, and Yate (Kanksto) sbstages of the Wlsconatia
continatal glaciers of cmntral Forth Asaricz. Alden tentalively
correlates deposits of the earllest {dentifiable placiation in the
valley as Illinclan or Wisconsin {Iowan)e

¥osthered, clayuy, Mght-brown drift s fomnd & few riles south
and poutheast of Zt. Ignotios. 1 few deposits of 4111 nanr the divide
betweens Kiselon and Jocke Eiver Talleys iniicates the glaoler extendad
irto tiw lstier (Ecbls, 1550, pe 87). Stony till near Dixcn also rey
bs related to tim St. Iznatins glacler (Alden, 1953, p. 90).

Elssicn Eopalng

The Ltermiral zorains of the siddle Wiscousin Migsicon glacier stamds
5 to 6 xdles morth of 5. Ignatius, and extends east and a littls northe
east from the aolh el of the sotbermmost of the wadial hills to the

Eiesion Mﬂs
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- & lebe of the glacier that deposited this poraine pushed between
the medial hills and westuard beyord the preswit outh of the Little
Bitterroot Rivar, into the Valley View dlstrict, and south into the
Folosw Tallaye AL Sloan Bridge, for wiich Shis 1cbs 1s bere nacsd,

ad & few niles sant, its t111 coowrs to altituls 2,800 feet, but to

the wost and soulh the marface of thls lsyer descends replidly, indle
cating that the Lce 414 ol advanos ary great dietance in thass &l-
rections,

A low recesalonsl roraine, the Ferr sxrains {foble, 1952), is
fourd eoth of Sexth Fablo loearvolr, with & contiswrs lateral
xorelae south ad wort of Kesr Dure

Tha drift of the klssion glaciation is fresh acd wweatherad,
At Sloan Dyidge pownr site 1t s geacerally in very corpact, rassive,
tight layers (sos fig. 3) that cansist of an wigraded, mechanical
nlztare of approxinataly 30 pereord gravel and 70 pereent sand, silt,
ard ¢lay, The gravils ars smbroundel o raundsd, fresh, lmrd, red,

greodiah-gray, liot~gray, and paplish eolored quartxite ant silicecus

argiilites The aversge dlmretse of the pebbles 1s about 21 inches,
with a fowe ptesos up o 10 inchae throush, The matrix is a very paAle
crange to srayish-crangs, Gightly calesrecus mixturs of silt, sand,
and claye In & four places the natrdx &8 pick Lo reddich pink ant
lemn yellow, evidatdy seflecting inclusicns of meterial fron
Tortiary(?) beds.
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The last of the Wlaconsin glaclers 1s repressntsd by the Folson
woraine, & ridge of sand and gravel that blocks the valley ab the
scath end of Flathead lakes

Flonser Lrwestigations in worlern Fontang vallays by Fardes (1910,
e J76-306) outlined eviderce indiceting the former prostnce of &
Kghlevel Jake during the closing stugces of the 1lce age. Part of
this evidence conglats of shoredins fsolures, anl &s & gorles of
stm&;meﬁnmﬂymﬁwmmnmthﬂmd-
ty of rlsscula, the lake thay represst hes bom naved for that city,
Yuch later Alden (1953, pe 153) ansi Bavlas (1952) supgested that lakee
bed silts at various altitndes wp to 3,000 fest in Klsolon Vallay and
Little Ditterroot Valley xight be related Lo evan eariler lakes, Thare
is rosson to ballove that lakes were present in the regzion at oow level
ar apother during &t least thres &dbwtages of the last or Kisconein
stage. 1 brief ofiort will be uaie hare to relate the various silt
deposite ancowberal during this stuly to thelr respective 1sces.

Early Wiseopalin Jnks donosite~—diphitanrey clayay lakbe-bel sills
have been recoversd in drill holes 4, 5, axt 7 ot Daz site Boe &4 (soe
Appedix)e 4 fou miles wetresz ot Qdbow dan site, sallnants described
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83 %clay,” "sllty losa,” and *sand™ ca Corps of Bnginears churn drill
logs (Appendix, lozs 2, 3, and &) were recoverad from below altitules
2,450 to 2,450 fost baneath rassive 111 apparently lald down by the
Slosn Bridge lobe of the Mssion glacier, The lithdlogic reswdlance
sl tha clays from these two localities, which are quite differsat fraz
ths freah, naplastie, yellowish-bpoun gllts i Lhe surface, and thelr
stratiprophis position, ray ba evidance {1t a lalke related o the
e Igaiive sbatage of the disconsin glaciation s coceupdad this
part of ¥olese vallage

12 ¥is: n. el sitge—Licbonalive dopogite of glasisl late-
bed silis are fotnd in the Valley View district, at the nopth end of
Xoleay Unlley, and eastunxd into Lisaion Yallrey, and sowdh of Lw
tordinal mmattta'i&aﬁm glaciors Noble (1952) corrslatss these
lave deponits with the x1ddls Wisccmsin or dssion glaelaticn of the
vallay, ¥ion & Sl of glasial laics with varyin: moface aititoles
evidantly scoupied portisns of ths klssion Valley.

Hoxs ths Sloan Bridge ics ldes ptood asainal the rock ridpe ecuth
of the brldge, it probably dwred Little Bitterrcot Hver, axd formed
& taporary late An mn of this laks webandsd wp Litile Biftarpect
Valley, vith anciber am along ths east «ige of the Salish Foumtalne
in the Yallay View disteict. 5ilts found to near altituis 3,000 fost
in these ars=s pavhably wers deposited in tils glasial lake.




Other lake-bsd silts with thals suxfocs nesr sltitale 2,500 fest
sppavrently sre related to 8 later lake forved by & dox thed was boyud
the 1izits of Eizglon Vallay, Thase sills orerdap the sosth fMuce of
the Elssion moralne, the 111 in the Sloan Oridge sroa and in the
Valley View districts

ahe Bigconain laken (Tats Migsoula).~The Jast amd zrestest flooding
of ldsston Yalley cecurred tosord Lhs close of the Naiato mistage.
Sreline festures oo the seubh face of the Foleoe roralne ave Showght
to be rlsted to tha waning stages of iiis lake and thug date it as
coogying Maslon Vallay shortly aftor the splucauant of the noraines
EM&%M&&&%QW&&,WM%W&%&Q
shosh oo down the Murcell Trarch past Sonnecs Perry, 1daho, and Shrough
Dull Laics Valley froz the Eoctenal River drainsgs and effectively blocked
Clark Fork Valley for sbout 25 niles betwosn fond Cretlle Lake and Boxom,
Fords ltimately the waler betind tids enamous ice dam attaired lerels
correspanding to pressct altitoles of 4,250 fest.

Sall soais shevaline features developsi on ths hills ghove 3,20
foet inilcale the lalie mx'fuce stodd fup only shart paricis al ay e
lavel. Pacdos (1942) has suzcseted thet the dralmge of the laks was
sstrealy rapid cope the 1ce dan wns breashads It appears Lhat the
1ifs of the lake wes vary shoot ab lesot fn its Righer stages when
the fiow Line was sdove 3,100 fest,
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Gnly & singe aount of labe-ded silis 19 fowd £ove altitude
3,100 feot. in the Elmslon and reloted vallers. The scarcily of lats-
bad allts dus $o Lake Kissodls 1s indivated by noxdeposition of silt
an the Hlssion nosnlne and in othar anes of She grost lake (Aldan,
1953, e 155-157)e Tho thick, wxtansive doposits of lake-dod silis
balow altituds 3,100 feet appedr £o Do related to the wdddie of the
Wosonain stasve

Raced

Active and Inactlve allwiun 1o préset along the ptremn chavwl,
and talus depoaita are found at the base of soce rock slopes. Firor
lanislidas hove sogurad aAlong the piver In ths til) anid glacial lateo-
bad siltss A fow slidos are botwesn Dam site los 4 and the poopossd
Stean Bridze pomrhouse site at =ils 37.0,

Kearion Vallay 1s $18 post scitdmdy corpertomnt of the Socky
Sortain Tranally snd the extead to which Sts festures Lxve boen Inflo.
enced Yy Trench tectonica should now be csaninsde Throughat its course
in Homtana rany of tha fuatwres that chezuctmrize it in Eritish Coluxxdia
sppear to be eboent, empocially aling the west sids, The east side, how-
m,mwmmmmummw
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rangss that 1ie Lo the tawvts looelly, the moatain md trench structures
are almoed parallal, and for jarpeses of this repurt the wost-feving
fault-}iny searp of tha Misglon faxult oo the weot aide of the Msslon
Fange riy be considered 28 the sast bouwndary of the Msgton Yallyy
sorportsont,

Faxdeos (1950, ps 395) acd Nable (1952, ps 20) consider the Hisslon
fault to be a roread fault, with a dip of chomt 45° to ths wost e
dewntiven 10 the wost) In Clapp (1532, ple 1) shows it &3 a Moh-angle
revergs faalt Sn his ercss soctions, and a8 s of the Suon, Flatheod,
Hoosavelt fault systen $0 the sast, iarioe ssiiratos the maxinan throw
o the Eission fauls st & point cast of St Igzatius to be £,000 fest
s uore, With the porment cocurring in lste Twrliary or esrdly Quateravy
tine. Hoble Snlicates tha total diglacment s in the vielrdly of
17,000 fesh, ik the noveceet gocwreing in thrve stages:

7,000 fet
By amlegy with the Flathoad faxlt, widch cay be & padbw of the
sw e farther east, a total displacecant of 17,000 food 4e of the
gt order, slthogzh siA11 probably not the rexiqne If those fatlte
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opereded b shoud tha saw tize, ad it seens 1ikely tiab Siwmy 4i4,
the firet siage of novecent probably fack jlave towerd the clooe of
Zoosos tine ¢ in the early Cligocene, and the swcond stags during
late Aigvene o sarly Bloomes Uonsidared as 8 locus of joaaibls
oirthymke sweks, the prodabls widdle Fleistocens noresmt is signifie
ot Hawver, Soble formd mo distwbance of agy of the oldo or lats
Wisconsia tilla that blanked the trece of tho laulh, wlich suipesls
thers hig been 1o noverant oo At alcoe nmiddls Wisoansin tine et lsast,.
Dage, the prdbability of sarthquskes crigimating 4n Uie Elosalon fault
t3y bs aboud Lhe sa=e as Erdeawy (1944, Do 03-8L) estinsied for the
Flatheal fauit, Is compludst thal resmvelr water lasd or svan reld-
tively noarby sarthquaies swould nob cpuse aoilvation of 4a Flsthood
fault, I movesed octwsed, it wonld de ln canection with sdbsidece
of L floe of sws adfomt Mrwluzl basine Ay resiiting eqrth-
guslks wonld be of relatively bigh iclanity, 9 ar 10 o the Sosel-Forel
scals at e aploxdter, and that fungry Horpe dan should be deslonad
to withotand shiocks of that ragnituds.

Streotural definitior of the weat sids of Ll Lisalsn Yolley
eommartasd 18 not o0 will estahlisiad. The west afds of the Salieh
Hountaing 1s lisdted My the Salich fauil, shilch has tilted the bluck
Lo the sast) and toposreriic dafinition by the dlp slope is wily fair,
The distance bolwesn the Salish faxidt and the Hissicn fumlt is adordt
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25 rllse, sbovt tadoy the wilth of tectenta Mlockw tn 4uis gert of
Bortarm, oF sven for sny part of the Becky Nourtaln Trenchy #0 0O8
ray qmption 1f the Sailsh Eoutains block perwists o for statumd
ithod Soterruptione Almo, this variety of strwctns 1o not typdosd
of the Secky Mowtels Tranch, fraa sitek tho bardaring ranges wemily
alp munys Toe cedisl peck pidges of Miasion Valler mppese t0 huwrs
sirgticresinis and strusture) eortinmity with the Salish Fowstains,
It eay b eondnctirsd, Sherafore, that thls block tersizates wier
caver sast of the vidges aguirgd the wesd structural bomndary of the
Trooche Tids mpposition brings the preglasial Mestn ¥elley and
the Socly Heootadn Trasch Into coircidence; bub Lids cro hordly be
eslled suporting erideseo of & coocoaled fmult. Also, 1t 18 &n line
with W prevics ccaclumian (peys) of the integration of t2e Misslon
Yallay occpartzont by clacsial £111) and fras the viegaint of pealglc
strwtures sugoents that (e dao gites e siluatad fn the Sallsh
Pourdaisa bleck rether thas the Dosly Bowntain Bench.

ooke of the favaild growp in lowsr Flathesd Yallegy &l alog
mmw&mWthwwWwﬁw
norbhascedingit &nd sodeats dige Lo the cant, local detsils ave
givon 1o the dan 3ite dascariptions and thelir avcocpanying tansd.
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A trenseurrent o toar fadlt areps oub oo both banks of Flathead
River about 700 foot doserstrein fiow Farr Do poaspbouss #nd, Juliptirp
from the Wddth of the shear rane, sppears 10 have sbstantial dismlace-
pimt, The piver crosses ths famlt alzost &b rizht angles, and the
sons of gouge and bocken rock 48 sbowt 110 feud wide. Thw strike
of the fault 1s axproxizataly F. 30° 2., tub the dip eculd not be
dstmrinad, The sdtitule of ths dads an both sides of the fanlt
indlagta the rogk o the pouthssst aids Ins coved wp relativze to
the norllacst olde. |

A larps etrite~slip fault has baso sxpossd Ly the amavatlion
for the Boless 7ulley caral abowd 1,800 fzab eant-northenst of dow
dan #ite, Aot 60 fert of crushad rogk md pouge is alang the foult
wicse attituls is atrive H. 5% %,, aip 75° E.  The hangicz wall appsars
1o have noval to Lhe roctd and down.
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POMER.SITE DEDCRIPTICNS

Socesgd

The & end reservelr altes discuased in this raport are locstad
on tha Flatload River, § to L) miles dowotrean frow Flathasd lavs,
batuwven rdver 2iles 72,0 and 35,0, above the confluonce with the
€lark Fork Rivers wmmm&mgewmamawmﬁm
frou Flatheal Lake, has o poverbioune tallracs slevalion of 2,5 focte
Tals olavation 19 the yordoms pool level for all of the prospaciive
doaetress dovelopnats extopt Das mita Toe 4o The topogreply st this
site 1rdts the raxlun flow lavel that logloally ecuid bs considared
to bowd 2,541 fook. Tho Jocablons of the prospective sitss are shiowa
on the index vap, figwe 1, & the possiile davalopacts &b €32k are
1istad in tobla 1.

The entirs fall of 175 foob i this roach of the river cculd be
doraleped by ons installstion o Slosn Mridse poamr olle with & pouss-
bouse mite at xila 37.0, or Wy esverul cocbimations of Dom glte Boe &
and an wetres: eite. It L3 supgested that sdditionsd hesd er fall of
the rivar danmdress fice Dam #ite Lo, 4 or fron the propossd pila 390
powerhouse alts sould b develeped bty axsavatien of the river clarrwl
belaw those aites. Tho sstlirstod axime hosd that could bo gaind
15 sbouk 16 fowt for Dam alle Noe 4 and abowd 24 feed for ths powpssw
bonase site st nile 39.0. The sotinmatald total fall that oould e
dovalopad by sither schoce is 191 feot.
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Partial eantaad of Shs strems flow 1n Jover Flathest River by
vpstroen dkss snd slighh adjustoarts in the plaus-table datus uond
for the river-aurvey paps migtt rofuos the paxiram indicated hoat
for the vivioas sites by 3 %0 § fooks

The east (loft) bark of the river in acoesalble in resy fleses
fron & vouy god gysten of cownty roads ihat sacves # faurvres on
the ieelzated Jand in the Valley View dictricte (See Dlg. 1.)
Light wooden struchures Bridge the river ot two plzses: the
Buffalo Bridge st river 1Sle 650 and the Sloan Srddpo 3t ndle 44.5.
The woet (rigit) sids of the river 43 accesaitls froz & cowdy vad
varying fraz cue-half 45 2 npiles back froas the strews. Frun Muffcdo
Dridge to 4 riles west of Slosn Deldge the rosd is &-tzell, passable
only duing good wveibber, From Slomn Bridgs to Dixon the road variss
frez pocr o poods
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{200 1o )
Losation and Acseribility

Buffnle dan site No, ) tun be locsted at ¢oe of aevaral sxis lines
botumon river niles 57.9 and 6544, appracizstely 9.5 rdles doupebress
from the Lo of Polaon ond 4 miles bolow SZwr Dane The land Yocation
1u the B2 soce 21 and the & soce 22, T 228, Re 21 We

Bdh sbuteacdis of 100 eite 2rs eroenaible by care s rigd (porthe
wost) abudoent ean bo poashed by & 417t roal Liat leavss 2w opwily pond
near the canter of seve 16, T, 22 Ma, R 20 s, and runs gostheast Lo the
sita, The left sadoert can be resohad by lamriog the cowdy road st o
point 0.2 nilas east of Lthe Duffolo Bridze in the &3 exc. 17 &0
followling & dird ool east-ncrthoast for 2.2 sllen.

Topograghy

The alte is in & dewp, fMirly rarrow gorgs wers for oyt 1., riles
tte Flathead Rver has boon swperiigosel across the ond of a ridge of the
Taralli grows that extonds scuthesst froc the Salish Nowdaise. T sleep
rizht wadl of the gorgs 18 eut in rock and ab ths highest point the rin
af Lus saryon i 450 6 500 feet above the river surface, The e
txtls left wall of the porgs 18 ¢uf partdy in rock and partly in
glacisl deposite, and rizes cudy 357 to 400 fomt shove t2e river.




fhe downstreaz portian of the gorgs 48 W27 staped, end khe
river nskas s shiarp bends with a change of directien of appmoxie
mataly 907 ab eache Upstreaa of tha firet band Lhe river flows
8, 37 ¥., then Ho 3% ¥., ool Linadly 8¢ 457 ¥e, 0 48 dedvew the
gorgee. Axis linss 1; 2, and J shown in geolozic saslions AAM,
BaBY, a1 C-CF, rozpoctively, are lotated dowsadreas fovs L
1o berd, med axle 4 shom in goction DOV 43 locubted babuvaan
the bonlse

Detumon river oile §7.90 (altitwis 2,81 fact) ob the dovme
siresn ad of the gorgs saction Al rdle £7.45 (altitude 2,672 fect)
at tho wpetrem: end, the river falls 31 Peeb with an avarage gradfest
of 20:0 fast pur milee In Lhis asclidn, howerer, thare are fow
raplds with dropy of flve $o ofght foet in sach, Detwess rdle (9.45
ant 141a 72,05 (alditads 2,705 fost) et the tellrace of Rarr Jan
tha piver f3lla 33 feet with a pralled of 12.7 lesd par uile.




Lodlegy
Irecirian

The Zevalll grovp socsiets of spproxtiately 65 pereesd quartsite
o saxdy srzillite ant 15 poreent arglllite, T quarisites sme
Mgt oy to rodlus Moht gray, fine- $o very fins-greined, 4nd in
Lels thet rangs fros & fraction of an foch t0 35 inchas i thiskneas,
Thy argillites ara ewmish gray Lo Mgt rray, ad age fxn g
frection of &a fnch to 10 Inchias in tuiciress. lany simde rute-
Lrown mpocks are seallavsl Uaoughstd e quarialits where suall
coystals of jgrite have wwathsred to Msonits, bub in the andllits
oaly these cryatals vonr Joirts or oihte opendngs hava beon westhared.

lang of e Jolrde ia the rog: lave linanitis stalnirng slong thelr

surfacens Suall fialzs of ruscorila hore dsvelopsd jarallal to the
bodding in scus of the arglilite,

Ths Baralll growp at Suffalo 4ae site o 1 1s fresh, insdludle,
streng, and opetent to sppwt s douw consldarad for ths elte,

Tortdar(2)

Focks of suposed Tortiary(7) age are exoond both wp axd dosne
stroas O the parpe soctions (ne otorop exdends for aboud 150 feot
betuecn altitules 2,660 to 2,650 foot co Ahe right bark only 12 foet
dounstress from moction A-A%.  Hare the rock 43 B grgyleh-counge to




]

Ligitkepoin, Sof%, maseive, fiom-greined, partislly devitrified,
watarlatn, yoloads uff that 13 Mgt io velght et highly pocous.
Athough this rosk !9 very coognet and hooosgeracus, Shere As a sinar
foond of olanin patarial abaeidad i it thot has Lo derivel fron
the Delt soriose 2 fow a1l angulsr frasaeds of Ripghly wentharad
Ight-grey quartaile aparatly ae near eoures, bk thors ln alzo
soattering of muall seberwnn pobidas Lab angrest it moy L wter laln,
isoe proparties palee 14 wouitable for & fomiatian {or 2 scnemtes
darx, and cansidaraile Dwther Lrwastiznticn wonll b2 nacessny to
ascortain 4F 4% woudld coke 2 sabisfactury fowndation for & widebass
Lpe of dane  The thicinsss and atiitude of this tuff camdt be
datem=tioad by rathiodn of suriase saolepy Dutause of tha licitsd
wdont of ths asorms.

Tortiary{?) rocke 1oy be pmesxt in 4rfll hale 12 and churn d1)
Lolas A ot Be 3o of the ¢ore roovered fius thtse hales sonlainsg
expletaly to polorately wailersd, sogular to sdorouiad, piesss of
zegiilite 2nl quartsite ecbeddsd in a saady silt to 3 g elxy abrix.
The paterisl iz oinilar to the weatherad talus brooels exgomsd al soa
of the dmmstragt sitss, bub it also resmiles fexdt gouze, IV rey b
possible thst drill hole 12 43 4n westlewad gouge raterial fioe the
Sudst saght o be ezat of ths hole,
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Lotorvazy

Elai i osen o-TA1), wis recorered In dedl) boles 11, 12, md
churn drill holes A and Be Tha 311 1s cagosad of rowded 40
shroudald pdiles of ral and MpM-prgy gutrisite and growndshe
oy Erzillite echaddad in g palo-brown Yo groy
2ilte

Bogef b Thirial deposis (Qf) nxioe & contrustional tstrace
2t altitula 2,700 to 2,710 fest along thw loft {poutheast) bark dowwe
glroan fyom the rook Ieh near the cabar of the BEEY smw. 22
Ity surfoce is ocharectorised by very large angular blocks of Raralll
coowp Lat axw up o 15 feat throush, in & =8trix of #1)t, aaos sand,
and provole Tho olze aod distribubicon of tho blocks mugprots they
ware torm o of L cagen by @ mread [locods Bimilar soteriad ta
yresat nortinmst of drill Lhole & e the right sbuboante Drild
bedes 10 and 1) on the laft andnent panetrealed 51 and 52 foet of
ti2e mabarinl,

fotive streas allwius is praasdt along the river charsal,
pri txlus copaes o larpes part of Lhé capon walls watrean fron the
Sirst #agp band in Lha porge m.
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Falltod fot (hese c2llsi 3 Ysland Camdt) cuts ihe Bovolll
gronp 300 foek woot of whare the line caoren Lo sextions 2) ard 22
Istersocts the right bank of the river, a4 a Lrooala so0e 6 o & fosd
wide corbaing extresly gheared, brcen, snd pulverissd rogks The
dlreetion and avcouwnt of rovmned ocdld not ba detemined, bub the
faxdt appenrs o ba narmale o strite im 8. 5-20° W, and the dip

33 55° W.  Thls Baaring wld carry 4t Jusb estt of Shs rock island

rnodlotedy danshrean fron pils 4640, P @iich it Ias been naned,
and througin Balle 2567 on the et bank, )

The lory, sarvow ro-antracd vallsay w 4ho righd bari: north of.
sile &542, the cmnldorable dezdh of swotar In the albosdboend at taatl
Iueslity, and thie adwvrp weab face of i roch imch oot the eardor of
the 5il 2l ase. 22, caudilne 1o guzpseb the possibiliity tiat a zone of
woRknoss or pesuibly anobter f2ult (here callad the frch fault) Mas
in tha bod of the river Juxl west of U imobe Achmml aposurss hove
rot hewn poon, but e allowerd of thes? topopanhle fmaturos is
apmacdiataly prrallal to dbe Ieland foult, and it oy ove 2 elsllar
attitules Althourh the noh Lot Lina far 4s Lypotheiical, ita s
wr leas cxrbral posliion may Affnct thrse prompactive 4y axes oxl A
arelwuse site, and thoremh sgloration shadd br muderialom
ancostals wheblsr or Sob tt aists as postilabed.




0o the right obutmert &rill heds & prostrated 17 fost of crusted
rock froo albitads 2,456 d0 2,042 ferk. Thds is Ladievad {0 nply
soother novtheboeaiing fanlt, b ro further infemation Lo grailatls.

Hnor faults gtriking ¥. 2%30° ¥., with dips ti0t mengs from
55° to 70° 8y, bave conbined with bedding plase slije to produce 4
Barm of brokan el phemrod ook 400 feet widv dn the xight wal) of the
cangen betusas niles 62.6 and 68476, Vertical dleslacuenta of & fow
fbes b0 adoud 10 feet have rosulbad in corush zeoms varying fras &
singls rapor-thin s of pouge to brooeles 10 femt tiicks The crush
zoses along the bedding fauits vary s thicimess froa & froction of

20 inoh to abot 1 foct. A rovorse fudd with 4 Lo 10 fast of crushed

seel &l povge Is povasnt &b xdls 63,72 Thw agprociials steiks of
de fault fa K. 33° W., and the aip 18 70° SU,

Aaituds of $he Fraa rile 67.8 to 6.2, the strika of the
bela varies Ire e 47° to 757 K., ard the dip frae 10° o 257 =,
Tha svavazs striks in this reach ia He 55° ¥, and the oversge din &
157 2. Petwsen xtls 45.3 snd 62,6, Lhe strine varies fre M. 157 to
377 V., ans the dip fraz 157 to 31° BS., with aa avoracs etrils of
Fe 267 ¥, and 3 &ip of 10 . Tres rdls 644 to 69,3, the strilks
verles froe o 157 to 299 ., and the dlp frae 16° to 337 1., with
s Bravere stoihe of M. 16° ¥, and dip of 2% K2,




Seintge~The nost lxportant joints are those paralleal do the

| bedding. They ave tight and spaced a frasticn of sn inch to 36

inches sparte |
Other Joints listed in the oxder of frequency of ocourrence

have the following strikes and dipme X, 65%-85° E,, 6£%-£¢° u53;

B 620520 W,, 670750 .3 Wa SCO-T0P E., 750-84° .5 and Re 30P

53° W, 70780 S, They are 3igit < have only liacnits stsining

Along ths jeint suwrlaces,

Foszible Axts Linss

Four possihle axss, incluled as portlons of geclozie sectlons
AeAt, 3-5%, CF, gnd D-3f, ara shown on plate 1. line 1, in ssctice
A-AY, was selecied for lovestisoticn by the Nantana Fower Ceapanye
Fossible axes 2, 3, ad 4, w'e sltamatives proposed 23 & result of
this stuly. '

Axis 1 st ni)e 67.52 is locatad in part on an wposure of the
Favalli group &l ths rwuth of the gorgs section. Vary good rack
is in the river bed and the right abutoent to altituds 2,662 fest,
or to within 23 feat of ths norsal pool lovel of the ressrvolir.
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e surface of the rock descends to the nortiamst, and fluvial meterial
18 in the right ebuteant from 2,705 o 2,669, sb drill bole 4o This
axis csadd be located on rock to altitude 2,705 feed and probably
Kigher 1€ 46 ware extendsd to the northeast inetesd of rortiwost

fros the angle poind nesr drlll hals 3.

Tha terrace on fhe loft sbutment {3 supported by parvious fluvial
mbterial 33 to 52 feet thick cortaining large erratis blocks. Dalow
its bass at altitude 2,654 to 2,650 feet (drill holes 10 to 13) is a
thin bed of till, 3 to 20 fees thlck, and posaibly a saall lens of
Tortiory(7) talus brescia resting oo the Ravalll grouwn,

Ho core uag regoverad in the flurisl raterigl except fur & few
pleces of LigMt-zray and red quartzite snd greentsh-gray arzillite fram
4rill hole 12. Ths poor cors raccvery and the surface eaxpcsures of
this ratorisl suggpest tiat it is wsulitalle for an sbulowd of & dan
becazss of its probably high perasability. To prevert excessive
percclatica through the abutivent, 3 core wall predably would have to
ba put down and carrisd to bedrock or to the $111 overlylisng the Ravnlli,
It doss not sppear possidle to drive piling because of the large hlocks
of rockde

If the Yeland fadlt i3 projectel to ths south, the intersscticn
with this axis eocurs between drill hales 12 and 12+ Broken rl and
thres pinor gougs siwes 0.5 to 1.0 focd thick were encouwrtared in
4drill hele 12.
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if 1ine ) wre o ueed a8 = axts, tbe powerhooss for n earthe
£111 da woldd b oo allurisl caterial downstres: from the last
posre of Ravalll rotk 4in the river chanusle
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is sxearised 41 Tdle 2, and coxgilels logs are given in the Appandtx.

Ty ¥ . | e W, ‘ = ot 5
- ’ ", ¢ ,.» e .
2 2.66(04,656 [ - 2,652?5‘39 Tertical
2,572-2 - - 2,670-2,542 Vartiesl
3 6-15.5 overvurien) ;g%_.,m 013 Ze core
A afgzﬂ - - 2,600-2,655 13-15,5 Cravel
2,7052,669 - - 2,659-2,514 Yertical
5 - - . o‘z% g?r%;.u‘g.
3 . "ousd gﬁr?,;.m.
7 B N i} % O'Qgg?? Esa.rip o K115,
¢ - L - 3,&&3-2,&35 95.9 w .
- - - 2,&,5.-2,566 Yortical
’ z,&@s-a 02 Plo e
00 e or i, vt
- 2: %7-: 655 2.655:2 ] 2,643-2,59% Tertical
12 By 3358 53-68 e g
2,722,579 2.6?}%‘5659 26552644 2,602,612 Tertical
13 o% - 39-6€
con 2,716-2,560  2,580-2,46T7 - 2,577-2,608 Vertical
& - o-a%a 4%1)-:22
3 - L1 1) 1-Ti(7) :
mﬁW - Jostles)
1,/ Dopihs in fect

&mmmmmmtammx,a,s,m.

% ndmsam
c«umwwwmm
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da axte ob 2oe 2, ={1s 68,03, would bave tim oae defects a8
hoss ab B4, bub o & sonmbah losser Gegress The matn advartage
Lo that the ares of the gocklcn below 2,705 1 redwoed by alightly
xove than aefourths |

mmmuumwmmuwu
altitals 2,705 fort, ad prubably could be fownd #RilY Mzsher to the
noxths Rock with only & thin oover of guvdl 18 bolleved to be in
the fourdation exeaph wiere the Talend fault crosses mear the seter
of the chamel. Tuls uoos could bo tosated adaquitaly by trencidng,
cxtoff shafte, and cwent growbing of the rocke

In the loft abubsent bedrosk is expoosd to altituls 2,670 Sext.
Selslc 1ing 5, located 400 feck scuthonst of the river Slong sschion
B-5% ani 190 faet noeidhsest, indicatos bedrock 1a sb altitule 2,643,
ar thet the bedrook muface £lopss gently dowa fraa where 14 18 sxposnd
in the river barke The overtaunden 1s the sape flurisl depouit s tind
2t axis 1, and would regire sixtler trestowts A ocre wall vamying
fros 30 te 50 foet in baigid and wp $2 550 fest lang wordd Le required
to prevent percolatisn through the s, Testing ney reveal deponite
of imprricus t11) n s srva tiat wald reduce ths slss of Lthe re-
qeired exdotl,

The supposed Kosd favlt ray cross the section near he laft valley
sids wall,
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Ammmammaumhmmmu

L yock covar probebly wld be 20 tiln that ihe tumel would towve

$0 ba 1ineds Two {0 thave tnmdred food dovnsirean from the axts the

rack surfece would dscline to ths lovel of the reef of the tumel.
Bxcavation of the rook in the river channel downstronn from the

axin wadd parmit 4 recovery of wy homd lost by mordng the den asd

Axis 3, st rile 66,05, 1n the flrod looation 4in the gavpe thab
w4 place zook in both sbulients oy well as the fomdsticn. THis
lire S2 suitablas for & goncretls dare The cross sooticnal area bolow
altitude 2,705 feod 18 ayract=alsly 20 porcend less than &b uxis Y.

Yy sood rock 1s in s right abubowet from the river surfece
to altitale 2,775 fooks Cood roolk 1s belloved ¢o0 ectond acrons mosh
of the foundaiion, buwd the river charnel is Quits deep and ths hotton
canrot bo soen frou the bark. Tw sgpposed sl faxllt say bo prasent
poar the 1af% bank, In tie laft sbuboent, s nixtuve of adds, sond,
and gravel overiiss beirsok up to Altitale 2,700 feds The overburdem
appsars to be falrly thin and good rock probably wderlios it. Abcve
2,70 foot badrosi is expesad in & nmbar of g1l sutereps on & ridge

that rises to 2,600,
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ammmammnma
mmmummmuwwmmm. Toreis
adaquate rocm hore te Jocatse the tunael vpstrem fran tho Taland
fanlt 4n $hls orose | |

ks &, ad =ide 68,38, 49 & vy good oite for & morels dam,
(300 fig. 2.) T cxmygon is aprocimatedy 400 font wids ot altituls
2,705, and the vertical distanse fron the rivor surfass to the noreed
Dow Lins 19 only 50 fects The cross soctlaal area of the smryon dolow
2,705 s axts 4 &s sbouk AD purosch 16ss then for tho saction &t ade 1

Bodrook im ecposed In both Sxdowmds and acress most of the river
bed, Toe strike of the bals in the vielnity of the axis ranges frem
K. 157 t0 37° ¥., or spproxtontely parallel to the river chamnel, snd
tha ¢ip 1s 14° to 31° I%,, ixto the rigt ebutoat. Jo large fanlts
&re koo op sugpacted. Ths rodk in 4de rigt Svtcont 18 of poarw
quality than in the fsudation or the left abiinont,. The sane of
rnee faults expossd frem dle 62,6 Lo 68.76 1a In the rigt entawd
Rpproxizately 330 to 500 feet Laok from the rivees On the right bask,
shouk 250 fest doamstress, Luore are tao minor shears with I 40 7
inches of crushel rodk and gouze along thene Frojection of thalr
strices carries tuen Ardo the center of the river churmel at the

propossd wte,
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Ssupage probably Wil cccur aleng mizilar frastures in the right sbute
ment, bk grouting of the reck should vorrsct it.

I required, a diversicn turael could bs losated in the rigt
abtuent s Although the rock hors 18 ¢ut Uy a few soall faulis exd
rararous Joints, 1t should etand without lining. If » tucnal &3 cone
sidered thrcuzh the ridze with icitske portal mear sile 62,7, the first
150 0 200 fest of the roule will be in an arsa of ebagred rucks The
reach of the twmsl in this sone probably Wwill require sgports

A proposed powerhouse aite 18 ou the northwsst side of tho rodk
o that fores the left shulcant far this ax!is line, Hatar conld be
canductad Lo the panstocics through A forcshsy excgrated into 44w north
and northeast side of the rock kndbs (Seo fig. 2.) Bedrock is ncd
oxposod b the powerdeuse aite, but ia belleved te be at shallow dapthe
The suspected Xnod fauls nay eut tis Asvalll group west of the rosk
knob, and the powechouse mits should he careflly explored,

A powerhouse ab this locatlion would lase approxirately ¢ fast of
mmumammmmareaw, This head
sl easily bs recovered by excavation ef the rock in Lhe chammel
betweain the daanstiresan exd of the gorge and the powerhcuse site.

Explaration of the axis by diazond drill core holes on A0-fook

specing should de atequate.
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Choles of axis

Of the four projosed wxse, 1ine 4 is the xosk furcratle from
both a geologlc and, very likely, ecanceie standpaints Geclogloally
the site 13 the best, as 1% offers salid rook sbutments and foundatica
that 4o not contats any knosm or suspected pajor defegtse Hock ot the
murface 38 hard md freeh, &2 5o axoessive excivation should be reguirsd
ta recove posr rocke If nosded, & good diveraica tumal aite is 2vatle
&b1e in the right abutoet. The cross sestiondl area of the gorge balow
alsitule 2,705 foet 18 ajgroxizately 40 percent less than at axis 1,
and & dan hare wuld require mbstartially less conerets thas ot ary
of the downsiroas sites. Fulwe zalmtemance costs of & mall concrets
dax sscurely anchored in good, sound rock should be ccnsidersbly less
than that of the larger struetures required &b ths othar axes, lozs
of watar through the rovic wmld be ragligible,

Azis 3 is tho second best mite. GCeclogically it is as foasible
as axis &, DUt & lager dan would be requireds On the basis of presmdt
Saforiaticn, axes 1 and 2 are irnfeasidle, as large to proXibitive waler
loss will ocour unless core wlls are pud in on thalr left (acaddeast)

andeoatse
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From any of the four posalhle axts Loostions discuased Lo the
mmammaﬂmmwﬁ.mw;mm
qartsite snd argillito,

Wﬁm%momm,mmﬂmmm
adxtlar Lo those exposed downstroan froe axis 1 are axposad to approxi-
zste altitede 2,710 foet, wiere thay are overlain by glacial dopositss
Thense rocks ave tight, and no substantial leakage wondd sccur fHioa
the resxyvolirs
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Logution and Acceaaibility

Thls aite is in the BASEE ouo. 1, Ty 41 K., B, 22 V., ab Tiver
aile 60,7, enly 7.2 xiles dowmetress from Suffale danm site ¥o. ),
and 11,3 slles below Karr Deme

Soth abuboents are 2ocsssibls by car dn pericds of good weather,
bt during the spring er prolenged ralay spelle, the road and tralls
sty bo izassebles The right ebulzent can be resched by follewing &
poarly malntained cowdy road sath for adout fowr xiles from the
Buffalo Bridge. The left (east) sbutesct ean bs reachad by leaving
e scunty road cne-hall nile southocst of the bridye and following
a trall spproxtimtely 3.6 nlles to the souths

Topogresly

The Fiathesd River flowa soubh along the wst olge of the Valley
Viaw districte The river has entraecched itsell into the glselal i1}
in the valley, and has cut dows and 4nt0 & buried yock spwr that extends
oub from the low swuntaing on the west. The river 1s sxtiting across
the spur Just whare the Paralll growp descesds balow the valler £111
of glacial drift snd Tertlary(?) rock. The Marder rock of the rigt
{want) sbutoet daflecis the river $o the east,; &nd 39 & result the
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channal ad Lhe possible sxis s appradoately 700 fosk wide, o
ok tades the average widih of the siucnsl above and below the
8ites In low water stagos & mooll $aderd &xtends tbosd 80O feod
dowratrean from the propossd axis, and the mata flow of 3o river
19 bebwoen 1% and the left (sast) abutowet,

The right (west) sdnctxent has an arerege sleps of approxtogtely
19° yp to near altitls 2,750, and the left (east) cos hes an sveraga
slope of 15° 1o the sare elovatione The left ebutuzent iw st (3 el
of & ridge that rmms sdoub 1,000 fact to the east and than trands
north-nortleasts Tis crest line varies fram altdtude 2,780 to 2,600
fast, Abowk 2,000 foot northeast of the sbutoent, the widih betwewn
the 2,700-foot conteurs 1e only 1,600 faste

The fall betwean Xore poaesrhouse tallrece and the prodadls axls
18ne st nile 60,7, altitule 2,805, is 50 foot. Bstwean thls site
and the damatresa end of the gorze at Puffelo dan site No. 1
(altitnde 2,541), there 1s & a1l of 26 foot, and the wirean gradient
1s 34 fost per xils. Through the stte the grallent fs approxinately
14 foct per 2ils,



Caclogy
Quartzite and argillite of tia Favslll prow are oveelaln
Mwm{f) rocks, &ad both in turn eve overlain
weenforoably by Flolstocens glacial deporits and Rt allwrive

The Ravalll grosp consdsls of guartzite intsiboddad with argtle
Utes The rock is vy fne-gralmed, sreanish-pray to medimm lighte.
gray 4n color, thintedded, in layers renging fraz i-isch te 12 inches
in txicknoss, with an srexase of sbowd 6 inches, :

Balrock is sxpostd elong tio gt (wost) river tank for abost
1,000 fost and st the upstreca end of ths sall isdard. The appevsti-
unabe upper 1ixdt of the evberops slemg the river (¢ near altituds
2,650 foote For abowd 600 foet upstross from the felard and fur aboub
450 Lot ook fyass the right Lark, or almost two-thirds of the dlistance
across the river, bolrock appoars (o be preswt im the river boltom.
In the mnll gully on the right abutzant Just souwth of pestica A-df,
badrock 15 sxposed u to altitulde 2,650 fest, and in o pullies
farthor south it 1s egposad near altituls 2,750 fost,:

In the swtar past of Lhe expomne along the rivar, the rock 1s
gonurally frech, bt aromyd the marging sod Wisravar 34 is overlain by
Tertiary(7), thwe 15 & scra of {ntensaly weathared reck, This zooe




1s frox 3 0 0 ook thick in the drill helew, with 20 to 40 Lesk,
snd poosibly more, of moderubely westhersd reck baceskh 1te The
waathsred ravk revges froa shilte o lght brown In ocolor, is fiiable,
pocous, snd bresks eastly 1 the fingers, with sme fraz-eits oven
eruhling to & ity mnd. |

The wassthersd Savalll peop $a pood fomndstion rosk, erposTa
$0 b uutertioht, and 45 eapshle of supparting 8 songvote dam section
ad Ay of the aprartonsat straiwess Bocauss the rock is thin badded
and cub by nag Jolnta, U would be sidsject to corrasian by mpidly

poving or falling waters
Zatiao(l)

Tartiwry{7) Leds ave Lovolved to an Lrportard edect in the
foadation and laft @hutsant of Suffelo dan site Yoe 2, Basal talus
btreceia cxops oud in the right (west) bank to altituds 2,540 wretreaa
from the apomge of Ravslll rock and to 2,500 fest dowmstrenn, Breocis
s recoversd fren sons of the drill koles fest and south of the badrock
epomue. For sbowt 600 feel deunstroas fron the Ravalll exposurs,
roidiob-bram, gritty olay or risrbroccia, vhilch probedly overlies the
brogeia, i agossd fraa the river swifsse to ok altitals 2,050,
low ia the laft bank opposiss the oenter of the isdand, the gritiy
o1y is exposad; lowvear, ab derth in the laf abutoant, talus Mrescls
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. 1s oreclats by bets of conglomrute, ausistons, silbotons, snd e

' ocoslidated soats The ecre holea show thad for et 330 feot sash
 fron the 1afk bank &b bacticn 339, jlate 2, the mrface of the
Tartiscy(?) dejosite 4 apprexinetely evel, dub to the esct 18

apparendly dsscends st & steop alops into un ol valleye Nore 80

i;wrmnwm

The talus brecols canslsts of Lghtegray Lo dark yollowlebearangs,
angular to mbangular hlocks and plesta of argillite, saw wp to throw
foat 1n diacebers The blocks probably were weathered zace o leas
carpletaly befure being broken and Lnvolved in o debris, end thele
interstices are ctouplisd by Yght-prey to dark yullodah-orangs clay
and sand. Avevegs thickness of tids wit is shiout 2 fest. Fago
poparties sk 23 hardnsss and bearing powver gonerelly ors low and
varishls. Porvesbility likeuiss 48 variable, asd say be appreciable
wxcepd, vhore the satrix 4 clays Elpor wster loss tharefre say be
sxpeoted timowgh this wiits The oved ying conglcosrete or fanglomerate
reprasucts Darthar reworkinge Wth sn incrouse in the siratipgraphio

Intarval from the talus, the fragwmnts and pebbles of argiliite ad

quartzite bacars mystesatically rore romied and maller, yrauging from

coarss sand to 2 inehes in dlacoler. Yerllaring oS propresss

to total Jose of comerding sbotanse and stregth. e wolrix zaterial

is yallovidh-oray $0 ek pelloviabecounge clay anl fMns-greized sand,




wbich xekes & larger percatage of tho whole than 18 d1d fn thy taluss
The strength or boaring power of the ecngluserste-fanglanerate facive
tharsfore 18 variable snd low, snd its single redsaning foature is its
pecbable low parmsabilitye | '

The conglomerats beds grade upwmrd into Jayers of frisbls, white
to rellovishgray or lght-dulf silt, ssnd, and vary fine-zrained claymy
sandstons Lhat represst still more sdvanced stagzes Sa the disintezrstimm
of tha taluse These Jast nazed facles, howover, umally have detn b
served anly {a dril} cores fron the loft ebutzart as they are $0d soft
and unconselidated to endure as ledzes at the surface, Cbviously, such
loas-ptrength, perssable rocks are wfsverable for either the founiation
or shutzants of & dane The gritty elays or microbreccias, whose heteroe
gensity rakes them d1fficult to descride and mane, ecstein accurilations
of poorly sorted angular, ssud- to grit-sized particles of arclllite and
quartaite, and probably sme tuff echedded in claye Thelr principel
constituent is dork- to 2adium raddiab-broe waxy ¢lgy, vhoso color and
tendency to abaord waler suzgest that it conmiste largely of minerals
of the bartonite group, such as renteorillonite. The rock apprars vy
inpermaahilej 18 is nob kard vhen dry, and beconrss extrecely soft and
plastic when wot, The strength and bearing powsr of thess gritty clasys
18 low and woartain, and evan xodsrate loading probably wonld result
ia wbslanced pressures and differential sottlement.
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In sy, the Tertiary(1) socke at ils slte are not sultedle

&3 & fomtastion for & consrete strusture, and are only of fakr qulity
for the foudation of an earth dane YVery exteosive tests should be

riads to deternine L3 sozinsaring properiiae of all rock types in-
velved Defore any plans for develspcent at this site are farzulateds

Sanbornary

Fledistocane 111, glacial lake-bed silts, &nd & conglonerale bed
weanformuably overlie both the Frocasbrian and Tertiary{?).

The conglowarate dad 1s 6 to 12 inches thick whare 1t is exgosed
400 faet north amd 500 fest sowth of 4rill hole 1. It is composad of
subangular Yo subroundad grivel and cobbles echadded in s malrix of
Iine- to coarse-greined sands In drill holes 21, 22, 23, ant 27, the
conglomorale xaY b8 present, althanzh logoed with the Tertisey(3), and
the bid zay be & to £ fest thick in thene holes. |

TIIL wth frosh $o woatherad pebbles of quartsite and argillite
abudded 1o A gray, silty clay ratrix is axpossd 4n the vicinity of
drill hole 3. In drill hols 27 t111 e recoversd from 2,650 fest,
the highast altituls at which it was found, down to the dotlen of the
hole ad 2,588, Thin bads of 4111 were ancoutered ia holes 25 ardt 26,

Glacial lake-bed silts canstitits the rajority of the Quaternay
raterial exposed, On the right (west) adutnent s thin layer of lake-
bed wilt overlies the Tertlary(t) snd Precasbrian rocks. In the left
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(sast) abubewnt the Jace-ded alits orecite the Tertiay(f) st t111,
s 4180 coour in 48 Pidge to thie east snd northoast of the site.

The silts &re compossd of rock flour, Mghd buff ia calec, nooe
Plastic, wll-beddad, ith layers ranging fros & frestion of an inch
to 2 {nches in thickness, Creln sizes range from sboud 0.047 mse down
t0 0,0087 £hae, oF from the niddle of the silt sise down Lo the middle
of the clay sius on the Wentwrth graln-slse scales The materisl is
caloarecus sl sight be mbjlodt to sclviion losses. A muall susple
digested in dllubs Nydrochlorle acid lost 10.6 percemt by weighte

A 1ms of clean sand and gravel is presant a the lake-bed atld
300 f204 wost of whare 4he cast 1ins of section 1 intersscts the laft
(20uth) bank of the rivers The $ap of tha lans varias from 11 bo 22
Toet above tha river mrifssco or froa approxinste altitnde 2,430 to
2,840 fests Only the wper 2 to b fool of the grovel bed is exposed
adove the allurim on the rivar bank, so the total thickness and the
axtent are not knowne It ia possible thad the lens was encomitered
in 411l hols 27, where 5o core wes recovised from a 20-foob interval
btwoen altitudss 2,650 to 2,670 fest.
| Recant depoaits incluls a terrece alung the soutiwest siie of the
ridge that Cormm the left abutnwrd. 811t, send, gravel, mwl boaldars

are axposel A% the murfage and ewdded froz the vioinity of 47412 hale )

to thes sovthaast,
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surfacs Lo altituls 2,700 fent, ummmmtm)m
mwmwamnmzummwm What
1s possibly an clder silde 1e located abowt 300 feok scuiheet of

drdll hols le

The strike of the Esvalll growp rangss fraa K. 56° to 66° ¥.,
and the d5p rances from 67 to 20° BB, 1n the vicinity of BY 2742, in
the soubinost cormar of the zZappel wros, the dbads atrike N, 20°-30° z.,
axd d1p 5%a0° my,

The nost Lrportant and rumrous jolnts are thoss parallel to ths
boiding, Thay are apaced fresm 1/b to 12 inches apart and appear to
bo tighte Ancthes sot of sraninent Joirbs strike Ne 54°-48° W., amd
dip 63%90° 1,

Chearvations on the fracture clacvaze at tw places gave baarinzs
of B 4° W,, dip 50° 8w, ant Nu 7° B., alp 45° B,
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Secticn B-2*, plate 2, gives the apactate losstlon for aa
axie Une for the sites The Pight sbubnwd aad & portios of the
formdntion 8 om rook of zead envugh qualily to sgppert & ooncrete
das, spillwmy, wd pomehouss strcture. Howsvar, the yock south of
& 1ine through drill Noles 14, 20, azd &, or sbout 100 fest sowth of
the segtion, 19 woatbered to a congidarable depth, end it L4 of teo
peor Quality for & foundation for a coucrete sirwtwes The left
{sest) sbvtzont and & partion of the foundation 1s in Terilary(?)
beds and glacial deposite, and 47 proved safe, woeld be cultshle
anly for an sarth-fill dems The sscbion 1s drawn acrose the lende
giids in ths ballef that tho plane slong which tha allds moved A4
ot extend dows into the Tertiary(?) rock, end cnly & ecsll excud
of material abore 13 would hars Lo Do excavaled and wastsd, 1f the
Plane of failure is in Tertiary(?) reck, it may be b such a depth
that the slids covld not be reuwed sconcnically.

Ths valley 19 nrrowar a8 section C-Cf ¢han st B-BY, Dy oing
to the prasence of Tertiary(?) deposits, rock conditicns in the
fountation and right abubuant ere muxch poorer, As & result, C-CY
mnmmma—mumm
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Ou the basly of presech infersation and eqilorstion, the
feasibiliny of b5 eite for & dan te Altitale 2,705 feet bas ook
been jroved conolusivelys Addiilonel expleration is nosded £ prove
that the loft (east) adutoest can be nals safes Ne soeaps or wprings
wore Zomd 2% the site, bub pumsble gravel beds slong which large
suopds of setor oculd escape £ & resarvolr ray be preset, If
piping ad wasiing cocurrod In the lakn-bed slits swromding wach
a gravel bed, the 1aft eubnat and ridge that fors the netural secth
dis Lo the sart weld bo endangereds The wall landslide in the lefd

thuteent 19 nob suilable material againet which & daz oan be placad.
Bren 1f 1t s dotersinad that the loft abudzant is suilable, it

prcbaly will et only the nisdran roguiresects for & safe site,
Bxplorstion required

Mdittonal exploraticn 1s reguirsd au the left (sest) Sut=ent
and in the fourdation, %otk eb(d be dirocted tosmrds explomtimm
af the lanislide and & mearch for ths poasibdle presece of a contimwnus
greval lons through the ridze to the cast of the site., The groval lers
exposed vortheant of the site is 8 linsar feature and the sxtent and
direotion of Its raior axis 19 nod knome The relaticnship of the
grovel Jans and tim sons fram shich 8o ¢ore was yecorsrad in &4l

hole 27 sheuld ba fnvestigated.
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It L9 suggested tiat Srenches aod & fouw fest pite be nsod o
wgillore the dxtment, because core recorery in the Bx, or 1-5/8 inch
dlamstar, sore holes alreaty pub down has botn vory poor dn wooes of
send and grorsl o rewcriosd glaclel ratarisis,

Sesarvoir site

Ciscial depoails of lake-ded sills, #5111, remnisd glacial medavisl,
ad allwrigs covar the entire reszvolr srea wotrean fron Buffals dm
aita Bo. 2,




e Nridee Pony 2ie
(308 53¢ 3)
Location and Acossaidility

The propossd dms oite 1s st river nils 44.7 1o the s2iwd and
thy XEESWL suce 15, Ts 20 W, Re 2L ¥, In additica 40 powse develope
pend &b the site itself, thers are thrse other possibilities for
utilisation of the head plus an incyecent gained by looating Vhe
pomriouse downstress froa the dane oo appartencasdt works for the
sltarnative schanes becone wery widespreads (See fige o) Thus,
Mith & poweriouse eite at river rile 39.0, sbout 6 wiles downstrosa
fron the daa wite, & conduit 1ins weld have to extend from the center
of #ace 24, To 20 K., R, 22 ¥,, to the SillEit} sec. 30, Ts 20 N,, Be 22 ¥,
With a powerhouse site at aile 13.0, & tunnel and opsncut would be
nocessary from the BASSL sse, 32, To 20 N, Re 22 W,, to the bead of
Race Borse Gulch Sa the Bl sea, 34, T, 19 X, B, 3 ¥,

ALl featuwres of the preject are roadlly accesslble by cars Tw
eouply road betaomn Bopan and Fob Syrings crogses the river ot Slcan
Bridge, just 0.2 mile downstrems frm the site, ant follows sleng the
right bark through the sites The intake area for the twmel $o nile
39,0 can bo reached by driving 0.7 rils upstrega on the esst wids of
ths Little Bitterroct Yalley and then waliing 1,200 fect farthere
The disctacge end and powerhouse site are 2,7 xiles south of the

bridge alayg the comity road to Dixons



 In its course to the south altmg the west side of the Vallyy
Yiew dindrict the Flasthend River anters tiw lome part of the forver
vallay of the Litile Bitterroct Rivere (38e fige 1, Pe 74} 0 leore
1t the stream is furced to zake & 150 degres Lurn Lo tha norideast and
thm it around the end of & prominest rock ridge that trenis northe
ssst, The yeoposed dac site s locatod ab the north end of this ridgs,
vhurs the piver 1s fliadng 0 the earta & shard distance doestrosa
the river swings to the ripid ia a mwseping bend thet brings It agatued
the southesst wlops of the ridge, and it 1s furesd to tum fron & weste
nortiwest oourse to the scuthe

The conflumcs of the Yisthead and Little Bitterroct rivers is ab
m.&&%.w:amaamammmwm.
An sdardorat channal of the latter strean on the right shutzed ab
altitnde 2,610 fest imiicstoes the conflumoe foamarly was downstrogn
pear xdle 4he0s (Hatnger, 1515, pe 134)

Both rivers have cut thelr charmals mainly in lakesbad silts and
drift relatad to the Fisston glaciation. As ths streams entrenched
thassalves, thay snocuntered hard Ravalll rock, and their charnels wers
foroed to the noarth inte softer, more easily erodad glacial deposits.
This shifting has resulted in tha foruetion of three river-cul terracos
on the vight (scuth) sdbutzent st altitudss 2,710, 2,630, and 2,585 faest.
The left (north) abuteect rises in & stoep wlope from the river suwisce
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at altitule 2,559 fest 40 Ahe xaln vellyy Cloor &t sbout 2,800,

Tads alope 18 now bedng diseected by & suzbar of short, stesp-walled

£o11100 Wth flat-topped Ti4g00 deotwwen thams Thess Pldges end in
alzost vertisal cliffs that extend froa the river to altitudes varying
from 2,520 o 2,700 fosta Thw cliffs have been caused by & conbination
of two factorss About 20 foet sbove the river mrface thore 4s o thin
lens of gravel thal wpow reoval allows $he cverlying t411 to break
along vartical plenes, Secondly, tha Little Bitterroot Eiver has bidl
& mall bar of blooke end boulders irto the Flathesd Rver ant doflscts
that streac to the rortheast, whare 1t Lopinges on and actively ercdes
the Yeft benks | |

From the confluancs of the rivers to nile 39,0, the Flathasd has
a fall of 24 fosk or an svsrsge siroan gradient of 34 fuet per mile,
Bowerer, turouch the dm site ares the gradient is only 2 feet per
211s,

Ia the vieinity of the proposed condult route to the xile 39.0
powerhouse site, the rock ridge rises to sbowt altituds 3,300 fest,
ard 1t 18 abous 3,000 fest wide st sltitude 2,780, Southesst of the
#idge thare s a constructional glaclal temrace at appraxicate altd-
tele 2,750 to 2,740 foote Sectlons D-D! and B-Bf are dioan along 4w
posuible condult roulcs.
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The Zavalll grovp is sxtensively expossd sdove altitules 2,700«
2,800 fost An tho ridge acuth soutlnast of the dm aite, A fow ote
crops are below tiis lovel ia the Little Mtterroot Vallay, and at
=116 390 & fow scall ovtereps ocour from the river swfaze wp o
2,730 feets

The rock is fine~ 20 very fine-gralosd, light-gray to graenish-
gray guartsite intmbediod with sics gresnteh-gray srzillits bads.
The quartsits bals ronge from & fraction of aa inch up to 36 incbas
in thickness, and & few argillite beds are wp to 12 inchas in thicke
nesss Mook of the Aavalll rock i fresh and woesathered; howorsr, at
ntummﬁmwﬂmmnmm
ia elight to intanse,

Tertiary(n)

Thres expomues of Tertiary(7?) rocks are in the Littls Bitterroot
Valler ecuthwest of the dam adtw. Along the right river bank neer the
center of section 24, or about 5O feet downstresn fraw whers geologle
saction X-5' crosses the river, thare is & s:all exposurs of nottled
Mgit-trown, 1ight-gray, &l greacishegray ilty olay with places of
roinrataly to eccpletely wosthered light-gray and red quartsite scbedded
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1 1%, Twrblacy(1) talus brescis vith sngular pleces of coupletely

weathered, croen $o dark yollowish-crengs quartsite 1s sxposed on the

sontheest vallay wall at altituls 2,850 fest, shows 800 fant sovthwoed

af gection S-B%e A slnilar talus brocols with A lacs of 1ght-trown

silty claystons 33 exposed in Uw river dank in the SE{32 sec, 13,
In the LN sese 30, woot of river nile 39.0, talus brecels

wdodiad in light-brom W reddish-broun clayay stlt 4e in srfoce
dapressions In the Ravalll,

Suderany

Flelstocens glacial dejosits related to the Klsalon glactation
have baan deposited in the valley bettans and on the Ravalll and
Tartiary{?) rosus 1 to altitnles 2,750 to 2,£20 fest. Along the river
in the vicinity of the propossd dan nite, till 18 sxposed cootimucualy
1n the Joft bank frem & fow faol above Lhe rivar surface to sdout altle
tude 2,750 fect. Clacisl lake-bsd silts overlle the £11) and extend
to the top of the slope ab about 2,820 fest. On the right (south)
dask acattersd octercps of W11 extend wp to abovh 2,720 fost, lake-
bad silts orarlie ths ¢11) and crop oud wp Lo 2,7502,800 foct.

The ¢111 1s in zassive, tight lyers ranging fyom € to 60 feed
in thickness, and 1t consists of an wngraled, mechanical mixture of
spproxizately 30 parcet gravel and 70 parosnt san?, silt, and clay.
(300 2124 3.) The greval is smdromd to rousd, fresh, hard, red,
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and 2,694 foet, Each 13 coaposed of clemn gravel, rock flowr, and lake
be? aflts, and aleng ihe river through the dan sits tiey conld bo oo~
related botveen stratigrephic sections taken 775 foot and 2,150 feed
wetrean frou the Slom Bridges 4 fourth layer present at altituts
2,650 fest in the watreaz sectlon was not found downotrsans

Tha YTowost Dod 13 expoed along the pivir for abot 3,200 feete
At two places 1t has bean removed and replaced by t111; howsver, tie
resoral appears $o be local, and a short dlstance back In tho bark the
bed vrery Likaly {8 presocts This layer consisls of clean, sctrenely
pervions gravel with & ssall ascunt of sand, orerlain Yy & bed of
calearecus rock floare (308 fig. 44) The gravel layor ranges from
2 inches to 6 foot in thickness, and the allt lsyer froa 4 inches to
3 fot. Fron spprexcizately 800 feet upstream to 250 forb downstroma
of ihe proposed axis linsas, the average txickress of the tw bada is
14 inchese From 250 feud to 900 feet dacstresn fyom the sxis lines,
the bad nickans to § fosd, bt thers in &z increase in the o of









U 7he rewsiwd glactal materiale at Altitule 2,643 fest are in

Zeeses With & naxtous thickness of 5 fesks The materisl ie sorted
st varies fras & oleen, pavicus gravel, with s averags dismter
of cue-fourth of mn Anch, o & mixtwe of grevel, swd, and wilh tha
£ay be inpunechle,
© The wppse layer neer aliitude 2,694 feed in 30 to 36 inchss thieck,
oxt contains lake-bed silts and & fow, thin, disccntimous graved lensess
(See £12. 3.) The bed aypesrs to ba relatively Ligt, and should give
50 trowis. |

In a gully adowd 2,500 feot northoast of the bridge, t11) s
sposad fron altituts 2,507 to 2,636 feeb, with lake-ded sllts over-
3ying i% from 2,836 to 2,865, Stratifisd t41) 1s ab sltitude 2,655
to 2,665 fost, but the bed could ok be correlated with layers of re-
workod naterial wast (mpotrean) of Slosa Bridge. There scv no cutcreps
betwesn the river and altitule 2,607 foot, ®o it is ok knawn Lf the
lower bad of remriked aterial at ths proposed axes adanis dowrstroas,
Sectiom C-CY sivas the expseted geclogls conditions 4n this arvs.

On the right (ecuth) bask in the vicinity of axis line A-df po ti1)
18 aposed, bub In a dug well losated on the bench shout £00 Lest weut
(wpetroan), four fost of &ilS overlies 14 foet of tight bouldery till
in which angular blooks of quartaite 2 foot throwgh are sbeddede
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Scutheast of the ridge glaeial duoxits are 1n & constrootional
torrace to sbout altituds 2,700 foete From the surfese dows bo ek
RATS fosk, Lako-Ded mllts are expossd, and below this, 111 crops et
doun bo shoud 2,580 foste The bage of the 111 bed predudly is ot
emsiderabls dapth, bocanow of (abow dam site &dows % xflag Co the
sast, the hase of thls bad was found S0 be near Mitule 2,455, Ihere
the terpace narrows wost of river rdle 37,9, the glacial deposits are
thin, &nd the Bavalll ant Tertiary(?) recks extend wp to sdaut altiiude
2,700, '

Doposits of Beoet active allovims are in the iver channel and
on the rvar baris to sbont 2,570, Imactive allurius covers ths low
torraces and slcpes from 2,570 to sbout 2,500-2,5600 facte Fach of the
ares abors ths sstizated high flood loval to the wgper level of the
£lasial dapoaits 1s rantled with allurism, ospocially along the
sbandoned charmsl of ths Little Bltterroot River axd the flat soutb-
' esat of nile 39.0, Recant talus doposits are an the steop slopes of
the ridge gonerslly sbore 2,700 feed, ard nost of the yidpe is covarsd
by 2 thiln lager of alluriua rpixed with talus and topeatl.

, o the nortintost side and aleong the creat of the ridge, the gonemld
strike of $de Baralll growp 43 to the northeast, with low te molarate
418 o the northamat, bt at & few places cn the wutbesst side, the
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strike $8 murtinesh, with Sow dipe o the northoaste At the noitwest
i of the ridge in KU ses, 19, bowsver, the steiks 1s northwest,

Ia & draxr e of vver nile 37,0, an shrupt chacge 4n the attitule
of the bodw eay indizate & consealed funlt betweon sltitauls 2,620 and
2,700 Doske Adoug the river from 2,540 8o 2,560 foct, the strike of
the bods is He 5%02° X, and the dip 1 40°%-50° 88, Prox 2,580 to
2,620, tt sposed beds have & strike of ¥, AP-5° E,, and & dlp of
52%.49° g2,, tut in & higher oubercp betwwan 2,700 asd 2,730, the strike
kas chanzed to ¥, 22° V., wd the dip e 19° 31,

Crourd-amter coiitions

Artosim water may ccocwr st dopth ab the dum gite, This posaibility
ts ndtosted by the fast Unt artesian wior vs fowd 4n the fomditica
of Cubow dma site, 3u3 niles donstrens, st about altituds 2,455 fest.
Also, an sriosisn bastn axists in the Litdle Bitterroct Vallayy sbob
12 miles wpetroms focx th» da aite (Yelnser, 1934, 1. 1)e The zain
partion of tkds basin is sbout 13 mtles loog and 1as belwosa Boo. 24,
To 21 Moy Be 23 ¥, ok D0ts 36, To 23 Moy Re 24 ¥, Towower, the aquifer
probably sxtends dowzralley, 83 two wells, coo abowt 3.5 riles west scathe
wast of the dam site in sece 2L, Te 20 ¥., Re 22 W,, o8 Ancther sboud
6 niles frou the site in 52} see. 30, T. 20 K., R4 22 ¥., snocuntered

arfonisn water,
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The walla $n the basin peerally scocmiered the agulfer detween
2,50 ant 2,543 Lok, or 16 40 58 fesd Tower thon the river surface
8% the dac site, Howerer, twe wells, ons 3o B4 sece 13, Te A Moy
R 23 Wo, 2zl the other fn the W ses 13 of 4o sae Sownship,
apparently tapped Jowse aquifars near allitules 2,440 sd 2,450 fect
rospactivelye Thess altitudes eorpelate roughly with the sowee of
the artealan watar st Gzbow pose sits.

High tesparsbares, sodluz eazbonate sinsral donterd, end the
relaticaship of the nearky Conds Fob Syrings and the artesisn water
to an intrusive dlorite pill havs esusad Felnmer (1936, pe 33) o .
coualuds that the wator comes Su part owb of deop fissares in the -
mxiarliying rock ai from rether rencie somoes, Although the lsvel
of Flathead Lake is sbout 100 faet sdove the bexd of the wells, the
ninerel coztart of tha laks ant arteslan weters is redically different,
a3l theos differances wuld not be likely to be prodused dy percolalion
through & gravel beds

The poosibility that thoss weter-bearing bels xay not bs in the
fomdation at Slom Bridge is favurable, however, bocause the ridge
that forcs the right sbubuect may axtend oot bemsath the river, Also,
AL thuy bad bess deponited, the Sloan Bridge ldbe of the Fission glacier
oould have rasoved thw.

A mcall spring Is loeated $50 Zook west of the bend In section A-AT,
or b0k 300 feot south-southeast of the bridgs asross Little Bitterroch
Kiver, The mmier ebdly 1s sstesric ad fron & locad sowes.
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ean Aridge dau alte

Seilble Axis Lines

Secticns A~A' and B-3¢ are proposed axis lines. On the laft
shvizact t111 1s exposed froo & few feob shove the river to near
altitude 2,750 feot or considerably abovs the maxizum possible flow
line for the site, The main defocts of the abutrect are the three
lxyers of reworied glacial paterisl in the till. About 250 fest downe
stress from the lines «r 1,150 foel wpstrean from the bridge, the lower
bod thickens to sbout 9 fect. Although this thdcker section might be
less permesble, the thtmar, cleansr porticos of the lzysr would be
easier to treat, 1f fulurs esplerstion and water testing of this

soctlion show that it ls scceptabls in the abutr=ent, section B-Bt
¢onld be shifted dowrmstrean to a position core nearly sorral to the
Tiver.

In the founiation active alluviu: is in the river channel and
on the banks to abowt altitude 2,570 fest. Till underliass ths allwiw,

Gn the right evutrent, the location of the axis probably will depend
upon & sultshle fomdation for a spillway structure. (n the basis of
the writer's irvestigstions, 1lne A-A! ig preferred, becauss rock crops
out ab the bend 1n the section and probably S8 &t shallow deplh beuaeath
the £111 in the channal to the actheast, Line B-5f has a shorter crest
length, and if rock 18 st shallow depth on the rigit sbutomt, it prcdae
bly would be a zore econcrical sections 7The quartzite in sescticn A-AY

18




18 of good quality, but 3% is cub Wy Joints, some of which rake
blooks 3 t0 4 fest through. The sirike of the beds is N. 26°01° 2.,
and the dip 1e 3%26° 29,

innctive allorium 49 prosent along the ssctions from sbout altie-
tuls 2,570 to 2,600 feet, with the bench at 2,585 being covered by
viver sllit. Along section A-A' froo altitule 2,600 to 2,640 fest and
olong section B-BY to 2,660, the groond surface 1s covernd by angular
Wooks of guartsite, topscdl, silt, and ssnd, Deneath this, & thim
layer of t111 cay overlie badrock or possibly Tertiary(?) talus dreseis,
but 1s 1lkely that the breccia was rancved by glacial scour. Bapeath
the sbanionad charnel and in the terrace st 2,720 fest to the scuthesst,
there zay bs &3 xuch as 60 fost of glacial deposits, rost likely till,

The powerhouse aite for sither line would have $411 in the

foandation.

Formsability of the rassive ti11 1s lowj howsvar, percesbility of
the belds of rewsrked glacial matarial in the left shuinent will vary
frow low to highe The bad st altituls 2,578 feot 1s couposed malnly
of clean greval, and it wouli be the rost permsable. Although the
volse of waiar losses aleng it prodably would not be serlous, the
nain danger 1s that piping end scbsidence could occur in the over-

ying till.




The amourd., velocity, and srosive power of the water moving
along the beds oould be refased sbstantislly 1f the Lengbh of the
path of peroclation wure nads groater than the width of & dam. For
the lowr layer this oculd he acconplished easily by blanketing the
ovterop wWith irperrious material whers £t &5 eposed alnoat cixdinme
curly aleg the river odgs axd in & fow mal) gullies for sbowt 2,500
feed wpotrean fron the jropossd axes. It $s even pesaible that the
gravel in the bl ray Yo open enough to allow it to be podelds 4
few 1ines of hales ab gt angles 4o the river would allow grout to
be introfuced, and tids would increszs the length of the path of
pareslaticn by forcing it back or to the north into the abwiuent.

The tws wper bads at altitules 2,694 and 2,542 feet should kave
Low to nodiux porpoability becsuse they have & high parcectoge of
finee, the grevel alang them is 1n lenses, and the beds themmelves
agpear to pinch out froa placs 10 place.

The paximm eltituis of the flow line for o daz at this site &s
2,705 faxt. The pasimm helght of a daz weuld be appraxinately 1465
feot, which wuld incluis 1445 fest for the hoadj aboat 10 feet for
frashoard; and sbhotd § feod for dopth of woter in ths river and neces-
sary excavstion in tim chammml. The zite is feasidls arly for as

sarth-Ii1l dmae
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Resmyolin

The resmrvolr is mrderiatn meinly by 311 and iake-bad siltse
A fow aoall cudcrops of the Fovalll growp end Tertlary(?) vooks may
be prasast along the west side. With & niuumal waler mofave at altle
tuls 2,705 fost, & narrow s of the resasvoir ranging from 0.2 to
1 xlle in width will ectend 23 niles up the Little Ritterroct Vallay.
T™his area 19 wmderlain minly by labe-3ad silte,

Cther possible derclopent ochenas

Anstimr dswalopnent 1% possille by plaeing the powsrhouse at
xils 330, sbond 5.7 xdlos dewnesteeas froo the dom aite. Watar conld
be cowaysd fior the ars of s resmrvoly in Littls Bitterroot Valley
trough the rook ridge by & pressuwre tumnel and acrogs tha terrace on
tis soutltamt sids af the rdpe by & pressure condult l13id in an open
cits The indlcatad hedd for this dovaloment is 147 feot.

Sections D-I' and E-5i%, plate 3, are drawn almg propossd cordult
routes to the powarhouss, The intske arsss al both linss are otrared
Yy elluviun, talus, and topscll; howover, quartzite of good guality
orops ottt Al a wxber of places on the caryon will and 1o the valley
bottom, The strike of tbs beds ranges fras B. 37° to 60° %o, and the
dip renges from 11° to 26° W, The average attitude is striks B, 5.°Z.,

alp 177 m,
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e Tartiary(?) talus brecels at altitole 2,650 feet and sbond
200 food sovtlesst of the portal site for lise $E7 45 conaidsrably
shove the leval et vhich & tuonal world be drivene IL 45 possible
thet Tertiary(7) rock covered by talus may be st elther intake,

If w, the quality ant sdregth of the Barallf rook would be very
poor for woue distasce dnto the hillside,

Bensath the ridze the twmel will be in Revallf rook that should
be of very good quality.

To the scmthsast on the flark of the ridge, Tartiary(?) talus
brocalia probadbly rosts on caglotely wosttered Davalll rocke For stons
distance from the contact, extrenly difficudt tunpaling conditions
would prevails Farther to the southeast glacial deposite in the
constructional terrace have Hosn deposiied szalrot Tertlary(7) sxt
Faralll rockse In thess daposits ¢111 is bLelow aproximate altitude
2,475 font, and lake-bod silts are ahovo, The bottas grads of &
tannel or opcnct herw probsbly would bo in Ahe ¢4l with the sides-
wzlls in the #{i%. In 4he tazruce about 300 feot scudklamot of section
E-EY, Partiary{?) and Ravalll rocks are epeoed above 2,700 foot, and
thay eculd extond sbove the tumel lovel for sxxe distance ot froo
thy ridge.

Ths poor geclogionl eonditicns southeast of the ridge prodably
preclude a tumel aloeng eithsr lins thers, and that section of a comiuit
woild havs to be a prossure pipe laid in an opocwts The chaico of &




Line wodld have to be pale ediafly on etononic eonvidarotliona, dn
which the cost of the axcavallion and lining for & long tunnel 4n
rock with a rolatively short operad sscticn (5-E') was balanced
againet the cost of a short tumel and & lorger cpencut (D-D%).

Ths tolal laogth of a canduit alang moction D-D* would be sbowd
5,560 fent, and alcog sectiicn E-It adoub 5,230 fest. The length of
the tunnal baneath the ridge waldd be shodt 2,840 faat alung section
DSV ard 3,730 foot 2long E-5%s The opancet would be alat 2,370
fock in Imngth along evction D-DY and 1,100 fewt along E-fe A pooe
stock sbout 350 feet long womld be required from ths end of the open-
cd o the powsrbouss, Thas depth of ths opancwt will rangs frots a
few inchss to & xaxiouwn of 100 fost.

At tha zile 33.0 powerhouse site Zavalll rock is ezpossd in two
osderope ot extend for shout 200 fool elong Lbo eige of the river
acd about 50 to 100 £9at oud from the danke The rock &s siightly
broten, wealhsrad, sandy argillite. The striks of the bads 1is
Be $°-12° E., ant the dip 1s 40%50° 5.

The hydrsuliec heal of a powsr plant et nile 39.0 could be increassd
by excavation of ths rivar chamel domsiroes from that place, It i
feasible to conglder winning the additicnal heat, decauss the river
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charnel has bess cub madnly in deponits of $411, cutwash grovel,
‘ant leke-bed ellte, A dregline shotld excavate thess miterialy
withoud yach 4ifficelty.

The heed gained will depend woon the predlent decidal oo for
the charmel and the distence the exavation 1s carriad danstre:

T™ha cholce of thass factcors ghonld depand upcn & study of thls resch
of the river by nsans of & modsl and Hutere esilorstion of the chamal.
Botwusn =iles 39.0 and 22.31, the gradlent of the stresa varies frvm
1,12 to 572 fost por silse The mradiest of 1.12 foot s in the reach
fran sdle 30.8 to 2.4, and it noy be 2 slops that would give a sebis-
factary dischargs. If the streas bed wore axcavatod to thls gradlent
fmﬁlo&?ﬁ&aimﬁmigkﬁm&ngﬁmeémal.tmmé
the rils 32.9 pawerdwuse woalld be lncresaol about 2, foet. Conparably,
about 20 feet of head could be galnad by starting the chesme) despening
st zile 29,0,

Thers sre two drandbacks to thls schanet Zroalen ray ocowe in the
charmel above tos poumrhouse, with depomition below, and badrook sy
bo preseet 3n the reach of ths river thet would have to be dredgad.

A retaining dam, or possidbly heavy viprep, wstrads fron tie powr-
house mits, may meavart sroaton of the etreen bed due to the increased
ernilent thave, Fron niles 3045 to 3549, o through Sec site o, 4,
and from rdles 3343 to 32.0, rook is in the right bank and atenis ot
widar the river. However, &b both localities the laft (east) bask i»
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allurits or glactal deposite, and rock excvation cac be aveided
Ly moving the channel ioto that barke Rock may be present at
zile 260, dut glactal depcaite are believed to be Sn the Yeft bask.

Ancther drrelopomt of the Sloan Hridge sits is possibile by
drerting the water fram the Litils Sitterroct Valley abowt 6 riles
ehove tie dess aite Lo & powmrhouse slte at =ils 13,0 an the Flathssd
River &hout two xiles upsbreon froe Fava. (See fizga o) A tunal
ol spancut sbowt 7 wiles leng would be regquired to carry the water
to the hamd of Pace Norse Culeh shece a #all resulating reservolr
could bs sonstructeds A panstock about 4,700 fost In length would
28 rosdsd to carry tie watar to the powmrhousss The teotel diffwmance
in hkond belwasn Lhe norzal reservolr surface, altitule 2,705 fest,
anl the rivar surface, altituode 2,450 faat, &4 the powarheuss ia
225 fast.

This sxgpesticn was eoncelved through offics stuly, and none of
its foctures hove beon amxinel In the Meld to Jotermine if thay are

geolopicully feagible,.

The first agloratica of Soan Bridge power site should bo a test
of the founlation for beds of reworted glazisl zaterial in or baoesth
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the $111 lsyer and for arfesisn witer that may bs in thess parvicns
layers. Tho tosts should be carried smaidershly below 2,455 feet,
tho approxizate sltituls at which artesien water sad lake-bad silts
ocor 8% (ubow power sites If foud, sugiles suitalle for testing

‘the censolidetion of b various raterials wnder the xpectad sondie
tions of leading should be takene This 43 nocsssary, docause wieven
consolidaticn of the foundation eald profuce fractuves alang which
artesian water might eesaps, &d piping and scbaldance, sixilar to

Wt walch took place at churn drfll hols 2 at Cxbow das eits, could

LCOONts .
n the right aduteent toets are pagessary o detersine if till
is jresat 2t stallow dspths beneath tha overburdsne If thas material
cordaling many bovlders or blocks of quartzite, tost pdts instead of
drill holes oay be required to give wortlanile information, In the
pobable spilisey ared diacond drill core holes ahould be mtlsfactory
to investizats the overburdon and ta check the dopth to badrock.
To tho sauth ths surfasce of badrock should bo traced 4o at least 20
fout abore the taximm reservoly pool levele

IF the prelininary estinetes of costs of the two ccatuit Linss
are camparohle, aolicwtion wld o pacessary o dstermine wwich 1ine
is betber geolozically. A the geologie ecnditions below the Serrace
will vary most, the first work shoedld be done theres A faw core holes,
sphosd shous 400 foot spast and drilisd to the Eavalli rock or at lsast
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to & depth of 35 feot balow the expected betten of the cpucwt, should
bs pubt dows sleng each 1izs. Also, cne or tus holes should bo drillad
where the tumal soction probily i1l end and the cpenzub will beglne

¥han & choios has bem cads Zor thoe teotative final alligment,
intermediate holes should be drilled with a muber of thes being ace
tended to the Barallle The lins of hales should be earriod up the
nMllsids will & cintom of 100 fest of good rock is above the recf
of the tucel. Where Tartlxry(?) rocks cvurlls the Mavalll, tharoush
woatharing con be @gectad in 439 latter, If core recovery s nct
adsquste in thls scos, & shaft should be put down, and aa exlorateary
rift ahould be driven through the weathored raterisl inte good rock.
Tnis would glve batter Anforration on the locatlon of ths contast and
wuld inlicats the slgs ani extest of the myports requirod st the
tiznal ontlet.

The rock et the intake portal ehculd be Lwostizatod by core holes
on & maxtmim spaddng of 100 feeb. If Tetiary(?) rocks overlis the
mu,meemvammmMm
Evon 4f wsathered rock 1s mot preowd pesr the surface, & short adlt
wculd bs of value to dow if swports will e required at the partal.
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Sxhow Depy Slte
(Sow 12, &)
Location and Acceasihility

Gdbowr dan site 49 looatad ralnly in the 34 ssc, 22, Y. 20 ¥,
Re 2 W, with & mall porticn of the right sbutnent in the EE}
Btc. 27« Tho xite is at xile 41.3, only 3.4 xiles dounstrenn fros
ths Sloan Bridge sits, 19.) riles from Suffalo dan site Bo. 2,
264 oiles fron Buffalo dan elte Do, 1, &d 30.7 ciles froz Esrr
Dane

The laft (southeast) ebubzant is accosaible by & very god,
all westher, county roat that fallows through the site along the
bank of the rivere ™he right ehulzemt i accesalble by ear dwing
goad weather via an mirprovad comty road and traile leating to
fislds west of the ite. Fron Slom Bridpe, thie ruad lesis to
the sutheast camer of 89¢e 12, Te 20 Hey, R, 21 We From have,
& trall can be followmd alixg the north ling of sactisa 20 to
maar the quartsr-ournar, whore it eslacs scwbeast fuse sbout 0.6
of & le and than scuth to the adze of tha sscand beaeh above the
river in the Bi scc. 22
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Tepegrapty

Cxbhow power il 18 Jush Snside tho north end and oo the sast
slde of the Holoss Valley whero the Flathesd River touches ths low
Hlls. (Soo £1g8. 1 ad 5,) The river is flowing to the nouthwest
ot the sits,

Tho loft (southeast) sdvleent 18 on Yard Prosashbrisn rocks theb
rise fras the river surfece at altituds 2,58 feet up to 2,750 on &
slops of 27°. sbove this the slupe flattans, but the hills rise
another 630 o 610 feot abovo the level of tiw valley fill. The
rigt (nortiwest) svutzxd 18 ca glacial deposits in whien tio river
has cut tuo Lerraces. The lower tarracs ab 2,570 is shat 350 to A0
oot wida 2% 1%s brosdest jart. Fron hare the ground surface rises
@ 8 slops of adowt 30° to 2,640, whore a tervmes abowd 300 fort wide
1s preszd 600 to 900 fost fron the rivere To the partiwest the
gromnd surfoce risss graiually st an angls of J to 4 degrves Lo ot
altituds 2,000 fast.

The strows hos & gradient of 4ed fort per nile throuzh the aite.
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Collogy
Erocmbrian

The Eavalll group, which is expossd ouly en the left (southeast)
satont, conslets of quartaites vith a few layers of argiilite, and
1t is sinilar in character o the rocks 2t tho wpetroms zitos. B
rock is fino-crained, fim, wasathered, with bads that rence from
0.25 40 30 inghos in thickness, Fery mall outerops are in the
Klletde from the river surfncs at sltitude 2,58 feed to 2,670;
e feon 2,670 to 2,725, the goneral lavel of the Molass Valley
Conalj but above 2,725, reck 15 exgused axtwimivelys Dedrock is
eposod irterdittentdy along the south wall of Crow Croee: Valley
werean fra the brides.

Delow altituds 2,660 feet tha ctrike of the beds is Fe 13° .-
2. 117 ¥., and the dip is 11%-25° 2. bd above 2,725 tho strike i
e 25%27° WM., and the &p 48 177-41° B2, Prom the Croar Creek Bridge
to the northeast the strike is K. 22° B, 12° ., and ths atp 8
2°.20% x,

Two strikce-alip favits wore expossd by the excavation for tha
Nalese Yalley Carmle Aboub 225 foob soublnrest of the farther eest
road ercasing of the canal, & suos of cruohed rock and pouge about
60 fwot wids is epesed. As fndicated by & series of nctches in the
billside sbove the cutarop, the bearing of the famult is sopruxinntely
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Be 5° W, mnd the d1p 19 75° B4 Tus banging w1 appesrs to have
zoved 0 the nardh ent down, |

Ancthee Pwdlh sons, 26 4o 27 inches wids, With Sresh crushed
rosk and gougs Along 13, arvps oub 550 Sest soutimet of he erossing.
The striks is ¥, 187 E., ant the alp 45 76° B2, Dreg of tha bedding
on both aldes of the fauld indlcatos the henging well bas moved to
hs northenst and dowt, ’

Bo olhey faults were chswveds bowsver, the variation in the
etiitals of the bels slong Secticn A-A' below ard sbove altitules
2,560 to 2,725 feut augzesta thal wo nay be mregent thore.

£l staoas ~~Suwrloce and sbszrfecs explarstion of the Cshow
powsr pite reveal tind the foundation conslets of 8 tasoive liyer
of 111 thadh wes deposited by the Jloan Bridce lobe of the Kdsalon
gacier, The $11l is wnderlain by stlt, vey flno-grained e, &d
s gravel pochably deposited in & glacial lake relstad to ths
86, Iznative glacis'iemes Ia three chizws drill helos the Lasce of the
$111 is at altitude 2,452 to 2,460 fect, and tha top L8 approcivately
8t altituds 2,560 feot in Lho tdght slndmerd, [Nenesth ihe river
charmw) Lhe bed e 05 to 70 foel trick, tat wirier the rigd sbhutiment
it is ahoot 125 fest thlek,




In the slops above churn drill hole 2, H111 $9 axposed $o abeek
altituds 2,550 fort, with rewarked glasial zateris) overlying it to
2,650 On the right bank, st the north end of tha zap, 111 crops
ou, from the river surfios ak 2,59 W 0 2,570 facks The surface
of the till risss to the north oo that abowt 1,000 fest wetreas,
or near nile 42,0, 15 1a at 2,610 feot} ab mile 42.4, it 1a ot 2,6703
st o nile §2.8, 1t 33 ot 2,560,

The nassive t111 Lo ¢dgld And corgect, and has & pale yallowlede
orange to soderate yellowish-orange aand and rosk flows strix, in
shich frash, red and green quartzits and gresuish-gray argillite
pobbles are mbieddsd. Horth of Crow Cresk Bridge the 411 has &
plekiah hus sni in the right bank north of the Fap area the sxpomres
sre lasen yellows Thess red and yellow shades ars dus o Tartiary(l)
rock plekad wp by the glaciere
| (o the 1oft sbuloent 1)1 is sxposed ab & nuwder of plases.
Scatinesst of Orow Coosk Bridge thars are & fow mall lanialides in
& thin layer of S411 that appedrs to be musared on the rock sideidll,
On ths gpur 411 ocomes bLotwesn altitales 2,470 &0d 2,725 fost,
Domstrenz {(sonth) of e s t411 13 eponed ceossicnally fran
2,570 wp to DAk 2,690, and ghove this lake-dad allts are expossd
to ahowt 2,770,

The right sbuloasd abors altituis 2,520 fast 1s furned by roveked
glasick materisl st peobadly has beas depositad in & melt-weter
shannal ercded in 9 saasive €113, The courss of the chanmd appears
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%0 bave bean £0 the scutlmst appracinstely perellel to Crow Cresk
Vallgy wtil 48 reached Cabow powee aites Bare 44 swng arcind the
rock spur el continued Lo the soubteacubhsast sleng the east side
of Redoze Yalleys The locatlion of $he right (ueth and west) bank
of the charnal is nob knom definitely, bub noth of the site the
marfscs of the 11X rises pralwallye The buried alds of the chanal
pacbably sulngs acvoss the JSiE soc. 20 G near the south quurter
cornor and continwa 40 Le sowtl-sodinest soross the EARM] gac. 29
Tha elfze of the chanosl probably crosses Flathead Slver noar rdle 4043
In cinen dirdil hale 1, wich gy be lccaled cloas to the center
of the charmnl, sand and prevel wers recoverad froa the groamd eurface
at altituis 2,690 feet dum to 2,578. The character of the £111 in
the malt-umbar chaonal ¢an Lo sean in the epomwe hove clnwn drill
hole 2 and in tho road ot in the southonst (left) bank ebwd 2,000
foet S, 2A° ¥, of the hole, Sore there sre Imterbeddad layers of
113, lake-bad sllls, sand ani gravel, pravel end cobbles, and fine-
gratnal sond of widely varving perceshility. (See pecs B-8%, pla &)

Socant ~—dctive stresn allurim: of &1lt, sand, wd gravsl is in

the river botiors and along the backs Lo olevations aprrexinataly €
2ot ghore the wsbter curlace, Insctive alluriux covars the lowr

terrace st altitade 2,570 foet oo the rigt aduiowd, ancther terroos
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at the ssce elovation oa the laft sbutrect domstresn fran the rook
sy, and tis wids £t shers Crow Creek Jolns the rivers

Cldsr allurim ol Sopscil covar most of the right shiored
sbare the lowsr Lerracs axd xuch of the Joft abutzants

Artosisn wler s mcowptored in elnpm dril) hales 2, 3, & 4.
4 fow days after oaxmpisticn of drill hole 2, watar slictsd to flow
frem the cazing ab 8 pets of 60 pallons por pimto. Bofure the flow

Y/ lLeiter from the Corpe of Enzinsers, Saattle, Vash., to
Po ke Jobmson, regiceal hydravlic ausinosr, Tucans, Wash., daled
Segbmdar Yhy 1553,

vas sealed off, the comtractar pullad the coasing, and the Corps of
Pnpinears tal to pop ebovk 1,500 oacks of caoent, § eadks of bectanits,
and severul odids yards of mmdust into the hole to ewt off the xaber.
Setilased of the grownd arvand the hale was mbsizntial. Io Uclober

1953, wter ws flowing from the holo b the zabe of edout 0.5 pallen

by vimdoe
An artesian flow devaloped in dri)l hols 3 when drillsd or shortly

after Sts complotions In Colcbar 1553, this Llov wns shout the saw
&s tiat fron drill bhals 2,




Aot 130 feat. sxdtlvocvilienst of &rdll Ils 4, tw mall spxings,
with & oabined fiow of 0,5 to 1.0 gallem por simde, tusrge frem Lbe
river bank, 8 mwings, whlch sppesr to be relstad to ths hols, ave
bl & mall dopoals of clay and ollt ad the poind of discharge about
4 fast above the river surfocs. The derosity ars sxll, pmdahly dos
to aomnl rescral by flood racaff of the rivers

Appavently, the srizsian aquifer i3 & lgyer of vary Oino-grained
sard, @i card and gravel, wilerlying the rasaive t11 bed. (3es
030, Adt gl DS, pl, A.) The lszpest flow was fvun chwen dreid)
hole 2 ol cap Lo zbtributed to the laysr of avnd and grarcl befwem
altitudes 2,455 and 2,439 feat. The saller floe frox drill kcles
3 ad 4 ore probahly fron the soacdnnt Yo perveakls clayewy sl or
glasial lgie-bed silis Delow the till.

Darger dus o the artenian wter

The potertlal dangsr froz artesisn wolor 18 great, sa shown by
tho piping that todk place at depth beosatn drill bols 2, with s
paquent sottling of the ground arviod the hols. Although the £ to
100 foed of $111 would mmics an mcellant foundation, Aoy weven settle~
rend of the late-bid sllts atter loading world alles eracis end fismues
to dovslop. If thess cpenings extended to the top of the t111, the water
waler hydraitc head could escape alonz Lhen s carry snough fines with
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1% to caume slditioral setllemendt and ereckings The mcirene bwd
possible effect of piping and sottleent could be impairment of the
safety ant eren failurs of the das.

Helght and type of dea

The zaximus helght of & daz 1s 1in{ted t6 one with & noreal
resarvolr surface at altituls 2,705 fest and a lydiwulie head of
157 tests Construction at Buffalo dam sites Xo. 1 wordd 14t the
norual water surfacs to 2,641 with & head of 93 feet, axd a dan at
Duffalo Ho. 2 would 14r-it the surface to 2,615 with a head of 67
feot.

Even if all dafects of the foundation can bs overcae, the site
1s #8311 only fsasidle for an earth-fill type of dan.

Foszible Axis Lires

Ceclogic section A-A', plate 4, i1s a possible axis line that has

boan drzwn sbout 200 fost wsirean from the s:alleat valley cross

sections Conditions along 1t will be aixilar to those along any othar

iine at the site,

For all heigits of a dan considared, the left adutzart 1s adequate.
Any appurtenant works requiring a rock founisiion for reduced costs or
incroased safety can be located heres The rock is sultsble forr a large

diversion tumnal, and probably would require little or no supporte
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Beneath the river sod vallay £111, the sleps of the rock surfece
Jrobadly 1a steeptr than 16 1e sbove. Gn the sonthvest side of the
m.mm»mmmmmmmunmm
beds theres ; L

In the founiation, 10 to 25 feet of sciive and Snactive alluvium
overlies the #1111, '

Tue right shutuent to approxicate altitule 2,560 foot is formed
wmm,mmn&mz,mwz,m feot the reservalr
would rost againgt 125 feet of pervicus reworked glaclal raterlals in
the melt water chamnale -

Yoasibiltty

The fesaibilily of Cubow dan site dspends wpon finding tight
zaterial in the right bl or sealing off thase porveable bads
fircz the reservolr, ani wpom an evalustion of tie danger owing to
ths artesisn water in the foundaticn,

The first of Lhess difficulties night Lo overcaze by blanketing
the intake sres bYstween the upper surface cf the $1ill at altitule
2,550 and the terrace at 2,600 feot froz sectim A-A? wpotroan to
sisre the adge of the melt wator clannel risss to0 2,660, A small dan,
constructed to sbove altituls 2,705 feot, wuld have to be et on the
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terrace and tiad o the Bladket. A ewboff wall would have to be pub
through the permsstile maberial abore 2,660 feet narth of the end of
the Blankets ~

Mditicnal eploration Is seeded to fWlly erzluats the danger

from the artesian waters
Suggerted agploraticon progran

The naxt stage of axploration should be directed toiaris invosti-
gating the buried right bank of the melt weter charnel to deterwdne if
the surfoce of tha t111 rises to neer altitule 2,705 fest within a
reascoabls distence north of the sites A casbined progren of Lreeching
ard core drilling should anser this. 7Five tresches excavated in the
right river bk betwesn niles 41.55 to §2.0 and a lins of drill holes
arproxizataly parallel to section A-AY and 1,000 fest to the northesst
shonld sdequately check on the surfacs of the $11l. If results are
favarable and Sxperneabls raterial can be found sbove 2,705 ot &
rasscnible distanse narth of soction A-47, additicnal holes #till i1l
be neeted to Lrace the channel Lo the soubinast and to investigats the
reworked glacial waterisl in it.

If 48 18 found foaaidle to blanket the rewarked glactel ratorial
in the zalt wter chamnal, it wald still be necessery to check for
anctinr poesible Lypass charnel 4n the wide flat in pection 20 betwesn
the ebutuet of the dan ard the rock ridge in the HE} of secticn 19.
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A mwber of dri1X holes ¥i1) be required 0 check ca the
soroe, pressure, sod volume of the artesisn water encountered in
the elarn drill holess Samples suitshls for ctosclidstion tests are
roquired from the underlylng mlts in onler to deberming the arnut
of consolidaticn and sebtling thah would take place 1f & dan wers
built,

On the left abutuent the rock spur sheuld be sxplored by dimsond
drill holes, especislly tim possible faxlt sans Sust balow the 2,705
flow line. The burled slope of the rock surfacs scutinvest of Lhe
point should be cautlinad to asalst plaming for & possible diversion
tirmal sltse

Rasoprvolir aite

Racial dapoaits of lake-bad silts, ti1), revcried glacial
satorial, and allurite cover the entirs ressrvolr site welress o
Bulfule Jdanm sits Hoe 2
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s 6349 Fowne Slte
(3es £ig. 1)

An Qdternatire power site to both Oxbow and Sloan Dridge exists
st mile 4249 and worlld wmrrant further lovestigatices if they yrove
infeasihlee

Location and Accessidility

This alte is in the SE sece 17, Te 20 Ko, Ro 22 W, naar cile
42,9, The laft (nartheast) ebuizant can be roached by lacring the
cowtty road 1n tho SiE ssotion 16 ant driving te tis nartisest alang
ths furm proada laading to the fialds en the terrace sbars the sito.
oo right (soutimest) abutoent can Bo reached by leaving the Slcen
Bridge-Dixm road 0.3 mils east of the bhridge and follewing a trail
to the sast for aboud 1.2 miles,

Topagraghy

The 1aft abrimect rises fros the river surface ab altitule 2,555
wp 0 2,760 fool xm & slops of 20, AL the proposed axis lins the bank
ts being dissected by & muber of short, steep-amlled pullies, Tus
right (scvthasest) abutnet rises oo & nore gerils alops, ad emll
terraces have Desn ot by the river at sititudes 2,720, 2,560, and

2,560 fest.




The stress grediont through the site is sbout 2.0 feet par xile.
A dan that wold back water to the tatlrscs of Xerr powertouss
wonld have 8 head of 150 fests Lower dacs that wild back water to
the tailraces of installatlons st Buffolo dan sits Nos. 1 or 2 would
bave wals of 86 and 60 fost respectively,

Caclogy

Fleistocens glacial daposits of till, very Dinsprainsd sand,
and laks-bed silis orerlain in sces places bty alluwine are aponsd
in the aros. The till 1is the sace raseive bod that s at Blcan Bridge
wwamma@wmamwmma.

At rile 42.9, till is in the laft (nertheast) sbutcact fres 15
Lo 60 feet above the river suriace, snd 500 foot uwpsbtress it orops
ot fyon & fow fesk above wtsr surface to necr altitals 2,750 fest.
A 2-inch thick lens of sand and gravel is at 2,665, or sboud 110
foot above the rivers

The right (southlwest) abutnent 1s garerally covered by alluviun,
and cnly & fowr outesvps are axpoand in the axll drmaws. Froe thes

river sfacs ab 2,555 to 2,637 thme are no outareps, but in & mall

drer sbout 250 feot upstragn fyon the axis, t111 18 axposed inber-
aittantly from 2,537 to 2,672, lake-bed allte from 2,672 to 2,690,
and vary fine-grained sand from 2,690 to 2,695, At rile 42,6, i)
ie &% sltituds 2,620 fest, and at nile 42.4 it is exooed frox Lhe
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wntor surface to 2,670, or to the Altituts of ths base of the lake-
bed mlts metioned sborss Till pecbadbly 4s 3o the foundation sbadt
15 to 25 feet below the river suface or botuvem gltitudss 3,540 4o
2,530 Tort.

Active strean allurius is £long the river chanmel, wilh inactive
stroas allwivs oo the lower 2,550 taprace. GClder alluviue 48 on the
Wighner tarpiacas and to the west. A fov mall sllurisl fons sie perozent
at ths rcuths of the srall drmm,

Teasibility

The radch af the river in ths vicinity of xile §2.9 appots Lo be
& mroppeciive posse site. For oy haight da: coosilered, the 1slt abut-
rant will La in tight $413. The rigid shuicerd probably will have tild
in it to altituie 2,570 feel, with glasial lake-bad sllts and very fine-
gratned anrd fro 2,670 to 2,705, & das high enough o bLack wmter to
sither Bulfalo dan site Hove 1 or 2 would Lave t111 in beth sbutoamts,
e gits L9 fmueibls ondy far an sarth-f111 dao, and 14 43 & very good
one for & daz of ralativaly low hexd.

& dspth, poclagic caditions sy be sizilar to tivee gt Lhe
Cbow posor 8its. Ths rageive 111 lgyer may be unidarlain by very
fine-graivsd sand, glacial lake-bed silts, and sons smvl and gravel at
2 depth of approxdinstely 105 fest balow the river muxrfacs or neer 2,450
Artesian water may bo proesent in my pervious zaterfial bealow the tild,
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Wwamgums;aduma
diazond drill) cwre holes ayuoet 200 ferd apard along &a axiz on the
nont faversble Sopsgraphic scetion at mlle 42,9, In the foundstion
the bolos should e carried Lnto the siits and sexd beds Lhat possitdy
wnierlis the bad of rasatve 11, and smples suitable for conaclie
datian testing shonld be taken, fa onder to deternine the anount of
settling that could ocour In thas, Dvery effort should be rads to
deternine Lhe source, pressure, and voluss of wy avtsatan flows .
sosountereds 4 maber of holss should be drilled to check for aa
clder charmal of the Flathesd River timt my have bewm located
betwess the right shutcest and the yock ridge 3,000 fead to the
weste
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Do B%e Yoo b
(Sea jl. 5)
Losation end Ascesethility

This aite is just south of the secter of sece 1, T 19 M.,
Be 22 ¥,, &% mle 5., only 4.9 miles donstrean fram Gzbow power
site, £.3 xilen bolow Sloan Bridgs power site, el 2.3 rdles below
Buffalo dam site Noa 2. It is the farthest downstresn of the sites
considmed In Uds roports (S0 f12. 1) '

Both abubuacks are accessible by care The right (west) sbutaent
18 apprexisataly 5 siles south of Sloan Bridge via an wndepreved comdy
rouds The 1aft (sast) @vinent can bo rvached Yy leaving thes coxty
rad st Lo soxthaest corner of section 1. 4 Grmil s to the wesd
for 02 nile along Lhs section line, wtdl an lrrigtion ditek forces
£t to the southeast for O cils. Hers It descends into & wide gully,
mummm.mnm;m.mmm
for 0.8 pila to the site,

Topegrapy
At Dax sits Do, 4, the Fisthead River 13 flowinz in Ecless Valler,

8 @l pordlumset compartnent of Idssion Valley aboot € miles long
and 2 to 4 nlles wide. The proposed site is near the centar of the




valley lengtiadon and an the wesh ids o thad the right (weet)
sbutzert 1e on & seall Yook spur that exbends & shord distance eut
from the Salish Moutatlrs,

Froa Um river surface ol altitule 2,530 fesd, the right sduizemt
rises to 2,700 foet on & slops of approxizately 12 degress. Abore

2,700 faot ths slops of the M1lside Incpeases, and the bills rise to

apprexivats aitituds 3,500 foat. The 1eft sbvizert Ls on Lo tarroces
¢t In glaclad outumahe The lovar tervace is ab altituls 2,555 feot,
i the wpper st 2,600, This uper terrecs is only & fow fest below
mmmammmmmnﬁmtmmm
pmm;uuummmmammumm

The otrean bas & gradimt of £.3 lest por mils tinciggh the site.

Gavlogy

Tha Ravalll growp 18 exposad e the right (west) shtzent ia Sivee
&al) rousied reck sprs that extsnd et fras the hillalds and doscend
bonsath the luvima 4o the river clazmel, (See pl. 5.) e rock
verias fron 8 LA $o dark gremlsheoy sandy argillites o 2 vary
fino-gralrad, Mght-gray quartsite. It is fins, gensrally fresh,
with bads that range fior cno-half inch to 4 fool in tiickness.
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Drtincril)

Tartiary(?) talns brecels r9ste womifornshly on the Bevalll

- mumm(m}wmummmam

of shoud 1,2°0 fesd noxdh of evction B.5¢, Thle suterep is the
Jargest ard zost coplete expogize of this wilt on lower Flathead
Bivers 4ngular 1o sbrowd fragwnts and blosks of nwre or less
thoroughly woathered arzillite and quartzite wp te 3 feol through
are whodded in a mobrix of a1t and samdy, The sipe of the dlogks
dotrease anxd the anvwd of matrix ivcrwases assy from the gontach
with ths Bavalll recks. The gl color tene is grayish crange
to pale yellowlsh orerge, but tie individml pleces vary in color
fron vary Mght gy to g hrowne Soth the individual rock freg-
pads and the mass as & Wiole agpaar to be quite porous,

Talus breccia wass recorscad in drill holes 1, 2, and 7, and
pebably wedld be fand $n 4rill hde § 4 18 ware decper, Bstueen
holes 2 and 3, the breccis plnches at (see section DI?, pl. 5),
mummmmm@&ma.gmx

Steroery

Plnistocans glacia) depoaits wsondormably orariie both the
Frocucbrian and Teatiary(l) rocks, with Recend allwriwn along ths
river chanpals
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On the right (wet) atuizet, glactal lske beds prmrelly
eovsved by allt and opecil are prosant &b the surfisce, Ona el
egonse of $111 was found 4n & drww 1,000 foub We 35° ¥, of the
aorthavmost Bells 25426

Tas ort (east) shudnsct Is wnderletn by peverked glaciad
deponitss dctive and fnaolive allurimn ocowrs alang the river, and
aldsr alluriua with & mall aocunt of Sopscil is oo the Meghar slopse
and $earaces, Allurial cover effcctively provents &y detailel sgisce
geological rappins, and only fowr mxll exposwrss of ti1X related to
the Blosn Bridpe Lobs of tha Blesion glacier ware fod ip $he northern
part of the Kap avea ant s exposure of allb 1n the suutbern parts

In the exploretcry boles n the laft chutoent, roworked and oud-
waoh glaelal daposlts overdie the Favelll group and Tartiary(?) talus
brecoin., In drill holes 1 o §, drillad 42 a line psrellel to the
river (890 secticm DOV, ple 5), the cure recorery ¥8s too powr in
the woer 30 to 37 foot to deterine definitaly whad mterial is
preast, Froo e fow plocen of oors that were recovers?, it appears
that gravel cocurs dosn 40 altitnies 2,515 to 2,505 foct, or to )3
ta 25 feob below the surface of ths rivers Toe oure baxos contalomd
o finoe.

Prill holes 1, 6, and 7 ahow thot the gravel bod autanis o the
onst, and its base risew fyom 2,505 o 2,502 betusen helse & and
Te A% drill hele 7, the driller reparted sllt from ths ground swiface
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st 2,575 te 2,555, bub no cors was recoveret, In the wilerdying
sroval bed fyom 2,555 $o 2,52, the core reocvery wap anly 16 por-
eaty and thy curs box contained anly red end Jigd-pray quartsite
grevel, coo-balf dach $0 4 Lnohes tn dlaceder. Secticn BeDY &#

located a ghort dlstants north of the dril) boles snd shown the

goalogis condliticns Wivugh them,

Delow the graval thare are interbodded glusizl lalioded silte,
ails, sand, ti1, and oongleomrsts beda. Very pals to groylish-opange
glacial lake-bad adlts wAt) varvaes and a fzw asxnm of very {ine-gralaed
sand prodocliats in the ecore rotovered in this intervals The lako-lLed
i3 in drill hole § below altitudo 2,442 and {n hole 7 balow 2,45
are rary Uit aray to sedliwe gt ey and genmally nors olayey.
Thse silts nay have baam deponited 4n a glaclal lake reladed to the
ogrly Wisoonsin or 56 Igmatius glaciation.

In the atndowt sazt of drill bole 7, tho top of the ailt bed is
beltaval to be near 2,50, Oravel ant sand prebably cverlis the gilt
and Zom the ecnstructional terrace sast of ths Nole, bt no enesues
are presents Hommver, seimule smvosd mebar 8, lodsted 200 feud st
of dril) haole 7 ab altitude 2,624, shows there 13 6b faet of paterial
with lov veloaitien coaradle to those were gravel sl sand are ke
to be presant, The ghange of etretification st the depth of 6§ fect is
st altitsla 2,560 foel end conparss elssaly with the basy of thw silt
bad reportel st 2,555 ia 4ril) hale 7.

B ey y—"




The sbrile of the bads on the right (west) sbutment is
¥. 48°%45° W., and the &lp 18 23°-42° ME., excopt in the soubtiwost
cormer of the xap area shars the strike and dip of the beds has
changsd to M. 34°-58° K., 6%16° w0,

The right (west) abufwent 13 an the northeast Yich of a small,
agqyrmetric antieline that plunges northnwmst, The crest of the fold
crossas the soutlnest corner of the nap, but at soction A-A! the
axial Lins 1s about 1,600 fost west of the rivar and bigh on the
Hlixide.

e minor fault was discovarsd in the right bank 310 foot
N» 24° E. of the northérmmost 2542 benclmark. Here, two bedding
plane alips with seans of tight, fresh gouge varying in thickness
from 2 Anches to paper thin are paparated by 2 feet of broken,
alightly weathered rock. o

Aﬁmaointm:mobmed. The rogt Lmpertant, with tight
Joints spaced ono-half inch to 4 feet apart, perallels the bedding.
The attitudes of the two other falrly praminent sets sre: Sirlks
E. 76° W8, 85° W, dip 55°67° 8.5 amd, strike K. 5°-25° K.,
dip 67°-84° SB. The majority of the jaints are tight.
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Crownd-vatar eooditions

Artestan waber wos fourd in drill halss Moss 3, 5, 4, &3 7s

5 12
6 1=
7 350

in

2,570
7 Lot above
o surisco

Sﬁﬂvm

gromd surlase

M?i‘a&m
the Bavalll growpe.

magra%::iﬂ:
@1
en Lop of the

Frolably 8 bad of
=d md gravel 4 W
& foat chova tin
dopth b which waler

ter was notod o8B
M&M Fm
-sf?)

bmc!a balot alt.i:ma
2,425 fosts
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The artesian wtar appours 4o bhe relsted to the send and gravel
bad that cwveriies the Ravalll growp in Mles 2 40 5 from altitude
2,475 down 40 2,430 feots (Ses soction DOV, pls 5.) Ay percsable
bed in the reworked zlaelsl msterial that rests em this aquifmr
pobably world contaln weter wder prosmare,

The souzce of tha waler 16 oot kniam, bub 1% may be gromd weter
rewing down along the rock surface oo the right (wsst) stnent, o
1t vay cooe from scd souros bayced ths limits of the kaless Vallay,
The artesian seter could be relateld Lo the flow axcountersd at tihe
Cadbow pover aits st altituls 2,452 20 2,450 foot. A carefwl chack
showld be nade for arteslsn water ia any holes drillsd in the river
charnel .

amwmnmanmzwz,mranmmuﬁ
sbutowdt, approxizstely 1,450 fest nortb-northesst of denclwark 2554.
The scurce of this water very 13kaly i3 seepage from frrigation aa
the daneh to the east, ard the waler probably is followdng elong
the top of ths silt bad near altltuds 2,560 fest.
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Helght of dam
The topograpty ab Dam site Fo. 4 limits the maxisas pool level
that would 1ikely be conatdered to aboud altftuis 2,541 fect, as any
Mgher Level would require & long dike ea the sast side of the vallays

Table § lists ths hydreulic hesd and approxizate crest length of davs
that would back waler Lo ths various upotrean sites.

Table 4

2,615 g5 Buffale dax 1,480 1,730 Hone
site Fos 2, requived
nils 6007

2,559 2 m ;!:Msv 30 &70 Boze
xile bhed

2,58 1s Gxdow dan 550 £20 Hone

zile 41.3
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Mditionel besd, wp to an estinated maxime of 16 foot, could
hm‘mmﬁuwmcrmmmm
froo the powerhouse, in 4 mammer eixflar to that muposed fir the
Slcan Bridge power site,

Foaalbility

Additional explorstion of the laft abutzant is nevsosary before
a finsl decision can be rade on the feasibility of the site. In the
absance of preventive action, danzercus and wmxcsesive water losses
wmﬂdw&:ﬁa@t&oa&ﬂ:mmm,mmnhduw.lu
5rmmmimmnmnumzuz,mmmuzﬁ%—n.
East of theas hcles ths abulnert appears Lo be pwmvicos sand and
grovel, mssept for the thick bed of ailt reported in dr1ll hole Ho. 7,
and watsr lossas would be exesssive here, Loo.

CutofT walls or blanksting of ths intake to the gravel bads would
bs necessary. The site prchably is not feasible even for an carth-
£111 dex unless percolatien threugh the gravel beds can bo preveatsd.

umm'mw,mamwucmauua
posalble exis linss, the right (west) sbuteant end & portiocn of the
founiation woald be on the Ravalll group. Thls rock waild bs & vary
good foundetion for & spillwsy and powerhouse site and would ke suit-
able for & diversicn tarnel,
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‘Bxploration required

Eaversl core holes and test pits ave necessary to conplete the
exploraticn along section B-3¥, Pour test pita are required ¢n the
left abutzmant to chesk the raterial wxlerlying the terroce ab altitule
2,555 foob and the uppar one at 2,640, Approdestely five cors holes
gpeced 200 fest, apurt should be put down along secilon 5=t enst of
drill) hole Eo. T Tvery =0fort shonld bs xads to sacure paxisus cors
racovery in thase holese The rigit abutment and foundatiom should be
tested by core holes spaced 200 foadt 2parts Two linss of drill holes
should be pub doser, ane 300 foet wpotrean and the other 300 foel down-
strean frax the probable axis Jire, The drill holes along thsss lines
should be spaced no farther apart than 400 feat.

If &-AV 18 coratdered for an axis lins, the etire line abonld
be drillal and tactel by curs holes and test plits in & ramsr sinilar

to ths irvestization propoead for B8t
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